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The  INTEL®  Bipolar  Microcomputer 
Set  Is  a  family  of  Schottky  bipolar  LSI 
circuits  which  simplify  the  construction 
of  microprogrammed  central  processors 
and  device  controllers.  These  processors 
and  controllers  are  truly  microprogram¬ 
med  in  the  sense  that  their  control  logic 
is  organized  around  a  separate  read-only 
memory  called  the  microprogram  mem¬ 
ory.  Control  signals  for  the  various 
processing  elements  are  generated  by  the 
microinstructions  contained  in  the  micro¬ 
program  memory.  In  the  implementation 
of  a  typical  central  processor,  as  shown 
below,  the  microprogram  interprets 
a  higher  level  of  instructions  called 
macroinstructions,  similar  to  those 
found  in  a  small  computer.  For  device 
controllers,  the  microprograms  directly 
implement  the  required  control 
functions. 


SCHOTTKY 
BIPOLAR  LSI 
MICROCOMPUTER 
SET 


The  INTEL®  3001  Microprogram  Con¬ 
trol  Unit  (MCU)  controls  the  sequence  in 
which  microinstructions  are  fetched 
from  the  microprogram  memory.  Its 
functions  include  the  following: 

Maintenance  of  the  microprogram 
address  register. 

Selection  of  the  next  microinstruction 
based  on  the  contents  of  the  micro¬ 
program  address  register. 

Decoding  and  testing  of  data  supplied 
via  several  input  I5usses  to  determine 
the  microinstruction  execution 
sequence. 

Saving  and  testing  of  carry  output  data 
from  the  central  processor  (CP)  array. 

Control  of  carry/shift  input  data  to 
the  CP  array. 

Control  of  microprogram  interrupts. 


i 
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High  Performance  ~  85  ns  Cycle 
Time 

TTL  and  DTL  Compatible 
Fully  Buffered  Three-State  and  Open 
Collector  Outputs 

Direct  Addressing  of  Standard  Bipolar 
PROM  or  ROM 

512  Microinstruction  Addressability 
Advanced  Organization 

9-Bit  Microprogram  Address  Register 
and  Bus 

4-Bit  Program  Latch 
Two  Flag  Registers 
Eleven  Address  Control  Functions 
Three  Jump  and  Test  Latch 
Functions 

16-way  Jump  and  Test  Instruction 
Bus  Function 

Eight  Flag  Control  Functions 
Four  Flag  Input  Functions 
Four  Flag  Output  Functions 
40  Pin  DIP 


CONTROL  TO  f^tlYVORV 


Other  members  of  the  INTEL  Bipolar  Microcomputer  Set: 

3002  Central  Processing  Element  3214  Priority  Interrupt  Control  Unit 

3003  Look-Ahead  Carry  Generator  3226  Inverting  Bi-Directional  Bus  Driver 

3212  Multi-Mode  Latch  Buffer  3301  Schottky  Bipolar  ROM  (256  x  4) 


3304A  Schottky  Bipolar  ROM  (512  x  8) 
3601  Schottky  Bipolar  PROM  (256  x  4) 
3604  Schottky  Bipolar  PROM  (512  x  8) 


®  Intel  Corporation,  1975 
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RN  DESCRIPTION 


PIN 

SYMBOL 

NAME  AND  FUNCTION 

TYPE*” 

1-4 

PX4-PX7 

Primary  Instruction  Bus  Inputs 

Data  on  the  primary  instruction  bus  is  tested  by  the  JPX  function  to 
determine  the  next  microprogram  address. 

active  LOW 

*  5,6,8, 10 

SX0-SX3 

Secondary  Instruction  Bus  Inputs 

Data  on  the  secondary  instruction  bus  is  synchronously  loaded  into  the 
PR-latch  while  the  data  on  the  PX-bus  is  being'^tested  (JPX).  During  a 
subsequent  cycle,  the  contents  of  the  PR-latch  may  be  tested  by  the 

JPR,  JLL,  or  JRL  functions  to  determine  the  next  microprogram  address. 

active  LOW 

7, 9,11 

PR0-PR2 

PR-Latch  Outputs 

The  PR-latch  outputs  are  asynchronously  enabled  by  the  JCE  function. 

They  can  be  used  to  modify  microinstructions  at  the  outputs  of  the 
microprogram  memory  or  to  provide  additional  control  lines. 

open  collector 

12,13,15, 

16 

FC0-FC3 

Flag  Logic  Control  Inputs 

The  flag  logic  control  inputs  are  used  to  cross-switch  the  flags  (C  and  Z) 
with  the  flag  logic  input  (FI)  and  the  flag  logic  output  (FO). 

14 

FO 

Flag  Logic  Output 

The  outputs  of  the  flags  (C  and  Z)  are  multiplexed  internally  to  form  the 
common  flag  logic  output.  The  output  may  also  be  forced  to  a  logical  0 
orlogicall. 

active  LOW 
three-state 

17 

FI 

Flag  Logic  Input 

The  flag  logic  input  is  demultiplexed  internally  and  applied  to  the  inputs 
of  the  flags  (C  and  Z).  Note:  the  flag  input  data  is  saved  in  the  F-Iatch 
when  the  clock  input  (CLK)  is  low. 

active  LOW 

18 

1 

ISE 

Interrupt  Strobe  Enable  Output 

The  interrupt  strobe  enable  output  goes  to  logical  1  when  one  of  the  JZR 
functions  are  selected  (see  Functional  Description,  page  6).  It  can  be  used 
to  provide  the  strobe  signal  required  by  the  INTEL  3214  Priority  Interrupt 
Control  Unit  or  other  interrupt  circuits. 

19 

CLK 

Clock  Input 

20 

GND 

Ground 

21-24 

37-39 

ACo^ACe 

Next  Address  Control  Function  Inputs 

All  jump  functions  are  selected  by  these  control  lines. 

25 

EN 

Enable  Input 

When  in  the  HIGH  state,  the  enable  input  enables  the  microprogram 
address,  PR-latch  and  flag  outputs. 

26-29 

MA0-MA3 

Microprogram  Column  Address  Outputs 

three-state 

30-34 

MA4-MA8 

Microprogram  Row  Address  Outputs 

three-state 

35 

ERA 

Enable  Row  Address  Input 

When  in  the  LOW  state,  the  enable  row  address  input  independently 
disables  the  microprogram  row  address  outputs.  It  can  be  used  with  the 
INTEL  3214  Priority  Interrupt  Control  Unit  or  other  interrupt  circuits 
to  facilitate  the  implementation  of  priority  interrupt  systems. 

36 

LD 

Microprogram  Address  Load  Input 

When  in  the  active  HIGH  state,  the  microprogram  address  load  input 
inhibits  all  jump  functions  and  synchronously  loads  the  data  on  the 
instruction  busses  into  the  microprogram  register.  However,  it  does  not 
inhibit  the  operation  of  the  PR-latch  or  the  generation  of  the  interrupt 
strobe  enable. 

^  40 

VCC 

+5  Volt  Supply 

NOTE: 

(1)  Active  HIGH  unless  otherwise  specified. 
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LOGICAL  DESCRIPTION 


The  MCU  performs  two  major  control 
functions.  First,  it  controls  the  sequence 
in  which  microinstructions  are  fetched 
from  the  microprogram  memory.  For 
this  purpose,  the  MCU  contains  a  micro- 
program  address  register  and  the 
associated  logic  for  selecting  the  next 
microinstruction  address.  The  second 
function  of  the  MCU  is  the  control  of 
the  two  flag  flip-flops  that  are  included 
for  Interaction  with  the  carry  input  and 
carry  output  logic  of  the  CP  array. 
The  logical  organization  of  the  MCU 
is  shown  in  Figure  2. 

NEXT  ADDRESS  LOGIC 

The  next  address  logic  of  the  MCU  pro¬ 
vides  a  set  of  conditional  and  uncondi¬ 
tional  address  control  functions.  These 
address  control  functions  are  used  to 
implement  a  jump  or  jump/test  opera¬ 
tion  as  part  of  every  microinstruction. 
That  is  to  say,  each  microinstruction 
typically  contains  a  jump  operation  field 
that  specifies  the  address  control 
function,  and  hence,  the  next  micro¬ 
program  address. 


In  order  to  minimize  the  pin  count  of 
the  MCU,  and  reduce  the  complexity  of 
the  next  address  logic,  the  microprogram 
address  space  is  organized  as  a  two 
dimensional  array  or  matrix.  Each 
microprogram  address  corresponds  to 
a  unit  of  the  matrix  at  a  particular 
row  and  column  location.  Thus,  the  9- 
bit  microprogram  address  is  treated  as 
specifying  not  one,  but  two  addresses  — 
the  row  address  in  the  upper  five  bits 
and  the  column  address  in  the  lower 
four  bits.  The  address  matrix  can  there¬ 
fore  contain,  at  most,  32  row  addresses 
and  16  column  addresses  for  a  total  of 
512  microinstructions. 

The  next  address  logic  of  the  MCU 
makes  extensive  use  of  this  two  com¬ 
ponent  addressing  scheme.  For  example, 
from  a  particular  row  or  column 
address,  it  is  possible  to  jump  uncon¬ 
ditionally  in  one  operation  anywhere  in 
that  row  or  column.  It  is  not  possible, 
however,  to  jump  anywhere  in  the 
address  matrix.  In  fact,  for  a  given  loca¬ 
tion  in  the  matrix,  there  is  a  fixed  sub¬ 
set  of  microprogram  addresses  that  may 
be  selected  as  the  next  address.  These 


possible  jump  target  addresses  are  referred 
to  as  a  jump  set.  Each  type  of  MCU 
address  control  (jump)  function  has  a 
jump  set  associated  with  it.  Appendix 
C  illustrates  the  jump  set  for  each 
function. 

FLAG  LOGIC 

The  flag  logic  of  the  MCU  provides  a 
set  of  functions  for  saving  the  current 
value  of  the  carry  output  of  the  CP 
array  and  for  controlling  the  value  of 
the  carry  input  to  the  CP  array.  These 
two  distinct  flag  control  functions  are 
called  flag  input  functions  and  flag 
output  functions. 

The  flag  logic  is  comprised  of  two 
flip-flops,  designated  the  C-flag  and  the 
Z-flag,  along  with  a  simple  latch,  called 
the  F-latch,  that  indicates  the  current 
state  of  the  carry  output  line  of  the 
CP  array.  The  flag  logic  is  used  in  con¬ 
junction  with  the  carry  and  shift  logic 
of  the  CP  array  to  implement  a  variety 
of  shift/rotate  and  arithmetic  functions. 


INTERRUPT 
STROBE  iSE 
ENABLE 

ACe 

ACg 

ACa 

ADDRESS 
CONTROL  AC3 
FUNCTION 

ACz 

AC, 

ACq 

LOAD  LD 


CLK 

6ND 

Vcc 


ENABLE 

ROW 

ADDRESS 

ERA 


MICROPROGRAM  MEMORY 
ADDRESS 


MAg 


MA4 


MA3  MAo 


FCo  FCi  F, 

FLAG  FLAG 

LOGIC  INPUT 

CONTROL 


*^0 

FLAG 


FC2  FC3  PX7  ““  PX4 


FLAG  PRIMARY 
OUTPUT  LOGIC  INSTRUCTION 
CONTROL  BUS 


SX3 - SXo 


SECONDARY 

INSTRUCTION 

BUS 


Figure  2.  3001  Block  Diagram 
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FUNCTIONAL  DESCRIPTION 


ADDRESS  CONTROL  FUNCTIONS 


The  address  control  functions  of  the 
MCU  are  selected  by  the  seven  input 
lines  designated  ACo-ACg.  On  the 
rising  edge  of  the  clock,  the  9-bit  micro¬ 
program  address  generated  by  the  next 
address  logic  is  loaded  into  the  micro¬ 
program  address  register.  The  next 
microprogram  address  is  delivered  to  the 
microprogram  memory  via  the  nine 
output  lines  designated  MAo-MAg.  The 
microprogram  address  outputs  are  or¬ 
ganized  into  row  and  column  addresses 
as: 


MAg  MAy  MAg  MAg  MA4 
row  address 

MAg  MAg  MAi  MAq 
column  address 


Each  address  control  function  is  speci¬ 
fied  by  a  unique  encoding  of  the  data  on 
the  function  input  lines.  From  three  to 
five  bits  of  the  data  specify  the  par¬ 
ticular  function  while  the  remaining  bits 
are  used  to  select  part  of  either  the  row 
or  column  address  desired.  Function 
code  formats  are  given  in  Appendix  A, 
"Address  Control  Function  Summary." 

(  ^^The  following  Is  a  detailed  description 
of  each  of  the  eleven  address  control 
functions.  The  symbols  shown  below 
are  used  throughout  the  description  to 
specify  row  and  column  addresses. 

Symbol  Meaning 

rown  5-bit  next  row  address 

where  n  is  the  decimal  row 
address. 

coin  4-bit  next  column  address 

where  n  is  the  decimal 
column  address. 

UNCONDITIONAL  ADDRESS  CON¬ 
TROL  (JUMP)  FUNCTIONS 

The  jump  functions  use  the  current 
microprogram  address  (i.e.,  the  contents 
of  the  microprogram  address  register 
prior  to  the  rising  edge  of  the  clock)  and 
several  bits  from  the  address  control  in¬ 
puts  to  generate  the  next  microprogram 

Function  Description 

Jump  in  current  column. 
ACo-’AC4  are  used  to 
select  1  of  32  row  ad¬ 
dresses  in  the  current 
column,  specified  by 


address. 

Mnemonic 

JCC 


MAg-MAg,  as  the  next 
address 

JZR  Jump  to  zero  row. 

ACo“ACg  are  used  to 
select  1  of  16  column 
addresses  in  tovjq,  as  the 
next  address. 

JCR  Jump  in  current  row. 

ACg-ACg  are  used  to 
select  1  of  16  addresses 
in  the  current  row,  speci¬ 
fied  by  MA4--MAg,  as 
the  next  address. 

JCE  Jump  in  current  column/ 

row  group  and  enable 
PR-latch  outputs.  ACq- 
ACg  are  used  to  select  1 
of  8  row  addresses  in  the 
current  row  group,  speci¬ 
fied  by  M  Ay -MAg,  as 
the  next  row  address.  The 
current  column  is  speci¬ 
fied  by  MAg-MAg.  The 
PR-latch  outputs  are 
asynchronously  enabled. 

FLAG  CONDITIONAL  ADDRESS 
CONTROL  (JUMP/TEST) 

FUNCTIONS 

The  jump/test  flag  functions  use  the 
current  microprogram  address,  the  con¬ 
tents  of  the  selected  flag  or  latch,  and 
several  bits  from  the  address  control 
function  to  generate  the  next  micro¬ 
program  address. 

Mnemonic  Function  Description 

JFL  Jump/test  F-Latch. 

ACg-ACg  are  used  to 
select  1  of  16  row  ad¬ 
dresses  in  the  current 
row  group,  specified  by 
MAg,  as  the  next  row 
address.  If  the  current 
column  group,  specified 
by  MAg,  is  colg-coly, 
the  F-latch  is  used  to 
select  colg  or  colg  as  the 
next  column  address.  If 
MAg  specifies  column 
group  colg-col-jg,  the 
F-latch  is  used  to  select 
col-io  or  coin  the 
next  column  address. 

JCF  Jump/test  C-flag. 

ACg-ACg  are  used  to 
select  1  of  8  row  ad¬ 
dresses  in  the  current 


row  group,  specified  by 
MAy  and  MAg,  as  the 
next  row  address.  If  the 
current  column  group 
specified  by  MAg  is 
colg-coly,  the  C-flag  is 
used  to  select  colg  or 
colg  as  the  next  column 
address.  If  MAg  specifies 
column  group  colg-coli5, 
the  C-flag  is  used  to  select 
col  10  or  coin  as  the  next 
column  address. 

JZF  Jump/test  Z-flag.  Identical 

to  the  JCF  function  de¬ 
scribed  above,  except 
that  the  Z-flag,  rather 
than  the  C-flag,  is  used  to 
select  the  next  column 
address. 

PX-BUS  AND  PR-LATCH  CONDI¬ 
TIONAL  ADDRESS  CONTROL 
(JUMP/TEST)  FUNCTIONS 

The  PX-bus  jump/test  function  uses  the 
data  on  the  primary  instruction  bus 
(PX4-PXy),  the  current  mircoprogram 
address,  and  several  selection  bits  from 
the  address  control  function  to  generate 
the  next  microprogram  address.  The 
PR-latch  jump/test  functions  use  the 
data  held  in  the  PR-latch,  the  current 
microprogram  address,  and  several  selec¬ 
tion  bits  from  the  address  control 
function  to  generate  the  next  micro¬ 
program  address. 

Mnemonic  Function  Description 

JPR  Jump/test  PR-latch. 

ACg-ACg  are  used  to 
select  1  of  8  row  ad¬ 
dresses  in  the  current 
row  group,  specified  by 
MAy  and  MAg,  as  the 
next  row  address.  The 
four  PR-latch  bits  are 
used  to  select  1  of  16 
possible  column  ad¬ 
dresses  as  the  next 
column  address. 

Mnemonic  Function  Description 

JLL  Jump/test  leftmost  PR- 

latch  bits.  ACg-ACg  are 
used  to  select  1  of  8  row 
addresses  in  the  current 
row  group,  specified  by  . 
MAy  and  MAg,  as  the 
next  row  address.  PRg 
and  PRg  are  used  to 
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FUNCTIONAL  DESCRIPTION  (con’t) 


JPX 


select  1  of  4  possible 
column  addresses  in  C0I4 
through  C0I7  as  the  next 
column  address. 

Jump/test  rightmost  PR- 
latch  bits.  ACq  and  AC-j 
are  used  to  select  1  of  4 
high-order  row  addresses 
in  the  current  row  group, 
specified  by  MA7  and 
M As,  as  the  next  row 
address.  PRq  and  PRi  are 
used  to  select  1  of  4  pos¬ 
sible  column  addresses  In 
C0I12  through  col^s  as  the 
next  column  address. 

Jump/test  PX-bus  and 
load  PR-latch.  ACq  and 
ACi  are  used  to  select  1 
of  4  row  addresses  in  the 
current  row  group,  speci¬ 
fied  by  MAe-MAs,  as  the 
next  row  address.  PX4- 
PX7  are  used  to  select  1 
of  16  possible  column 
addresses  as  the  next 
column  address.  SXq- 
SX3  data  is  locked  in  the 
PR-latch  at  the  rising 
edge  of  the  clock. 


FLAG  CONTROL  FUNCTIONS 

The  flag  control  functions  of  the  MCU 
are  selected  by  the  four  input  lines 
designated  FCo'’FC3.  Function  code 
formats  are  given  in  Appendix  B,  "Flag 
Control  Function  Summary." 

The  following  is  a  detailed  description 
of  each  of  the  eight  flag  control 
functions. 


FLAG  INPUT  CONTROL  FUNCTIONS 


The  flag  input  control  functions  select 
which  flag  or  flags  will  be  set  to  the  cur¬ 
rent  value  of  the  flag  input  (FI)  line. 

Data  on  FI  is  stored  in  the  F-iatch  when 
the  clock  is  low.  The  content  of  the  F- 
latch  is  loaded  into  the  C  and/or  Z  flag 
on  the  rising  edge  of  the  clock. 

Mnemonic  Function  Description 

SCZ  Set  C-flag  and  Z-flag  to 

FI.  The  C-flag  and  the  Z- 
flag  are  both  set  to  the 
value  of  FI. 

STZ  SetZ-flagtoFl.TheZ- 

flag  is  set  to  the  value  of 
FI.  The  C-flag  is 
unaffected. 

STC  Set  C-flag  to  F I .  The  C- 

flag  is  set  to  the  value  of 
FI.  The  Z  flag  is 
unaffected. 

HCZ  Hold  C-flag  and  Z-flag. 

The  values  in  the  C-flag 
and  Z-flag  are  unaffected. 

FLAG  OUTPUT  CONTROL 
FUNCTIONS 


The  flag  output  control  functions 
select  the  value  to  which  the  flag  out¬ 
put  (FO)  line  will  be  forced. 


Mnemonic  Function  Description 


FFO 

FFC 

X 

FFZ 

FF1 


Force  FO  to  0.  FO  is 
forced  to  the  value  of 
logical  0. 

Force  FO  to  C.  FO  is 
forced  to  the  value  of 
the  C-flag. 

Force  FO  to  Z.  FO  is 
forced  to  the  value  of 
the  Z-flag. 

Force  FO  to  1 .  FO  is 
forced  to  the  value  of 
logical  1. 


LOAD  AND  INTERRUPT 
STROBE  FUNCTIONS 


The  load  function  of  the  MCU  is  con¬ 
trolled  by  the  input  line  designated  LD. 

If  the  LD  line  is  active  HIGH  at  the 
rising  edge  of  the  clock,  the  data  on 
the  primary  and  secondary  instruction 
busses,  PX4-PX7  and  SXo~SX3,  is 
loaded  into  the  microprogram  address 
register.  PX4-PX7  are  loaded  into 
MAq-MAs  and  SX0-SX3  are  loaded 
into  M/\4-MA7.  The  high-order  bit  of 
the  microprogram  address  register  MAg 
is  set  to  a  logical  0.  The  bits  from  the 
primary  instruction  bus  select  1  of  16 
possible  column  addresses.  Likewise, 
the  bits  from  the  secondary  instruction 
bus  select  1  of  the  first  16  row  addresses, 


The  interrupt  strobe  enable  of  the  MCU 
is  available  on  the  output  line  designated 
ISE.  The  line  is  placed  in  the  active  high 
state  whenever  a  JZR  to  colig  is  selected 
as  the  address  control  function.  Cus¬ 
tomarily,  the  start  of  a  macroinstruction 
fetch  sequence  is  situated  at  rowp  and 
colis  so  that  the  INTEL  3214  Priority 
Interrupt  Control  Unit  may  be  enabled 
at  the  beginning  of  the  fetch/execute 
cycle.  The  priority  interrupt  control 
unit  may  respond  to  the  interrupt  by 
pulling  the  enable  row  address  (ERA) 
input  line  down  to  override  the  selected 
next  row  address  from  the  MCU.  Then 
by  gating  an  alternative  next  row  address 
on  to  the  row  address  lines  of  the  micro¬ 
program  memory,  the  microprogram 
may  be  forced  to  enter  an  interrupt 
handling  routine.  The  alternative  row 
address  placed  on  the  microprogram 
memory  address  lines  does  not  alter 
the  contents  of  the  microprogram 
address  register.  Therefore,  subsequent 
jump  functions  will  utilize  the  row 
address  in  the  register,  and  not  the 
alternative  row  address,  to  determine 
the  next  microprogram  address. 


Note,  the  load  function  always  overrides 
the  address  control  function  on  ACq- 
ACg.  It  does  not,  however,  override  the 
latch  enable  or  load  sub-functions  of  the 
JCE  or  JPX  instruction,  respectively.  In 
addition,  it  does  not  inhibit  the  interrupt 
strobe  enable  or  any  of  the  flag  control 
functions. 
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D.C.  AND  OPERATING  CHARACTERISTICS 


ABSOLUTE  MAXIMUM  RATINGS* 

...  O^C  to  70°C 
-65°C  to+160“C 
.  .  -0.5V  to  +7V 
.  -1.0Vto+5.5V 
.  100  mA 

•COMMENT:  Stresses  above  those  listed  under  ''Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only 
and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  ratings  for  extended  periods  may  affect  device  reliability. 


Temperature  Under  Bias . 

Storage  Temperature . 

All  Output  and  Supply  Voltages 

All  Input  Voltages  ........ 

i 

Output  Currents . . 


Ta  =  0“c  to  TO’C 


SYMBOL 

PARAMETER 

MIN 

TYpdl 

MAX 

UNIT 

CONDITIONS 

Vc 

Input  Clamp  Voltage  (All 

Input  Pins) 

-0.8 

-1.0 

V 

Vec  ”  4.75V,  Iq  =  —5  mA 

If 

Input  Load  Current: 

CLK  Input 

-0.075 

-0.75 

mA 

Vcc  =  5.25V,  Vp  .=  0.45V 

EN  Input 

-0.05 

-0.50 

mA 

All  Other  Inputs 

-0.025 

-0.25 

mA 

Input  Leakage  Current: 

CLK 

120 

/iA 

Vcc  =  5.25V,  Vr  =  5.25V 

EN  Input 

80 

juA 

All  Other  Inputs 

40 

juA 

V,L 

Input  Low  Voltage 

0.8 

V 

Vcc  =  5.0V 

V|H 

Input  High  Voltage 

2.0 

V 

Ice 

Power  Supply  Current 

170 

240 

mA 

Vcc  =  5.25V*2> 

VoL 

Output  Low  Voltage 
(All  Output  Pins) 

0.35 

0.45 

V 

Vcc  =  4.75V,  loL  =  10  mA 

VqH 

Output  High  Voltage 
(MAo-MAs,  ISE,  FO) 

2.4 

3.0 

V 

Vcc  =  4.75V,  loH= -1mA 

los 

Output  Short  Circuit  Current 
(MAo-MAs,  ISE,  FO) 

-15 

-28 

-60 

mA 

Vcc  =  5.0V 

lotoff) 

Off-State  Output  Current: 

MAq-MAs,  FO 

-100 

JiiA 

Vcc  =  5.25V,  Vo  =  0.45V 

MAo-MAs,  FO,  PR0-PR2 

100 

fJiA 

Vcc  =  5.25V,  Vo  =  5.25V 

NOTES: 

(1)  Typical  values  are  for  T^  *=  25° C  and  nominal  supply  voltage. 

(2)  EN  input  grounded,  all  other  inputs  and  outputs  open. 


7 


A.C.  CHARACTERISTICS  AND  WAVEFORMS  Ta  =  o°c  to  70°c,  Vcc  =  5.ov  ±5% 


SYMBOL 

PARAMETER 

MIN 

Typ<1> 

MAX 

UNIT 

tCY 

Cycle  Time 

85 

60 

ns 

twp 

Clock  Pulse  Width 

30 

20 

ns 

Control  and  Data  Input  Set-Up  Times: 

tSF 

LD,  ACo-ACe 

10 

0 

ns 

4k 

FCo,  FCi 

0 

25 

ns 

tsx 

SX0-SX3,  PX4-PX7 

35 

ns 

tsi 

FI 

15 

5 

ns 

Control  and  Data  Input  Hold  Times: 

tHF 

LD,  ACo-ACe 

5 

0 

ns 

tHK 

FCo,  FCi 

0 

ns 

tHX 

SX0-SX3,  PX4-PX7 

20 

5 

ns 

tHI 

FI 

20 

8 

ns 

tco 

Propagation  Delay  from  Clock  Input  (CLK)  to  Outputs 
(MAo-MAs,  FO) 

30 

44 

ns 

^KO 

Propagation  Delay  from  Control  Inputs  FC2  and  FC3  to  Flag 

Out  (FO) 

16 

30 

ns 

o 

U- 

Propagation  Delay  from  Control  Inputs  ACg-ACe  to  Latch 
Outputs  (PR0-PR2) 

26 

40 

ns 

tEO 

Propagation  Delay  from  Enable  Inputs  EN  and  ERA  to  Outputs 
(MAq-MAs,  FO,  PR0-PR2) 

21 

32 

ns 

tpi 

Propagation  Delay  from  Control  Inputs  ACq-ACb  to  Interrupt 
Strobe  Enable  Output  (ISE) 

24 

40 

ns 

NOTE: 

(1)  Typical  values  are  for  T/\  =  25°C  and  nominal  supply  voltage. 


TEST  COIMDITIOIMS: 


TEST  LOAD  CIRCUIT: 


Input  pulse  amplitude  of  2.5  volts. 

Input  rise  and  fall  times  of  5  ns  between  1  volt  and  2  volts. 
Output  load  of  10  mA  and  50  pF. 

Speed  measurements  are  taken  at  the  1.5  volt  level. 


Vcc 


CAPACITANCE®’  Ta  =  25'’C 


SYMBOL 

PARAMETER 

MIN  TYP 

MAX 

UNIT 

C|N 

Input  Capacitance: 

CLK,  EN 

11 

16 

pF 

All  Other  Inputs 

5 

10 

pF 

COUT 

Output  Capacitance 

6 

12 

pF 

’NOTE: 

(2)  This  parameter  is  periodically  sampled  and  is  not 


Ta  =  25°C. 


100%  tested.  Condition  of  measurement  is  f 


1  MHz,  VbiaS  ^  2.5V,  Vcc  =  5V  and 


8 


TYPICAL  AC  AND  DC  CHARACTERISTICS 


Clock  Pulse  Width  vs  Vcc  and  Temperature  Icc  vs  Temperature 


Vcc  (VOLTS)  TEMPERATURE  (°C) 


Clock  to  MA  Outputs  vs  Vcc  and  Temperature  Output  Current  vs  Output  Low  Voltage 


Vcc  (VOLTS)  OUTPUT  VOLTAGE  (VOLTS) 


Clock  to  MA  Outputs  vs  Load  Capacitance  Output  Current  vs  Output  High  Voltage 
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APPENDIX  A  ADDRESS  CONTROL  FUNCTION  SUMMARY 


MNEMONIC 

DESCRIPTION 

ACg 

5 

FUNCTION 

4  3  2 

1 

0 

MAs 

NEXT  ROW 

7  6  5 

4 

NEXT  COL 

MA3  2  1 

0 

JCC 

Jump  in  current  column 

0 

0 

d4 

^3 

d2 

di 

do 

d4 

do 

da 

dl 

do 

m3 

m2 

mi 

mo 

JZR 

Jump  to  zero  row 

0 

1 

0 

d3 

d2 

dl 

do 

0 

0 

0 

0 

0 

d3 

d2 

dl 

do 

-  JCR 

Jump  in  current  row 

0 

1 

1 

^3 

d2 

dl 

do 

mg 

m-f 

mg 

mg 

m4 

da 

d2 

dl 

do 

JCE 

Jump  in  column/enable 

1 

1 

1 

0 

d2 

dl 

do 

mg 

m? 

d2 

do 

m3 

m2 

mi 

mo 

JFL 

Jump/test  F‘latch 

1 

0 

0 

da 

d2 

dl 

do 

mg 

da 

d2 

dl 

do 

m3 

0 

1 

f 

JCF 

Jump/test  C-flag 

1 

0 

1 

0 

d2 

dl 

do 

mg 

m? 

da 

dl 

do 

m3 

0 

1 

c 

JZF 

Jump/test  Z-flag 

1 

0 

1 

1 

d2 

dl 

do 

mg 

m? 

da 

dl 

do 

m3 

0 

1 

z 

JPR 

Jump/test  PR-latches 

1 

1 

0 

0 

d2 

dl 

do 

mg 

m? 

da 

dl 

do 

P3 

P2 

Pi 

Po 

JLL 

Jump/test  left  PR  bits 

1 

1 

0 

1 

d2 

dl 

do 

mg 

m? 

da 

dl 

do 

0 

1 

P3 

Pa 

JRL 

Jump/test  right  PR  bits 

1 

1 

1 

1 

1 

dl 

do 

mg 

mv 

1 

dl 

do 

1 

1 

Pi 

Po 

jf;. 

Jump/test  PX-bus 

1 

1 

1 

1 

0 

dl 

do 

mg 

m? 

mg 

dl 

do 

X7 

X6 

X5 

X4 

SYMBOL  MEANING 

dp  Data  on  address  control  line  n 

fPn  Data  in  microprogram  address  register  bit  n 

Pn  Data  in  PR-latch  bit  n 

Xp  Data  on  PX-bus  line  n  (active  LOW) 

f,  c,  2  Contents  of  F-latch,  C-flag,  or  Z-flag,  respectively 


APPENDIX  B  FLAG  CONTROL  FUNCTION  SUMMARY 


TYPE 

MNEMONIC 

DESCRIPTION 

FCi 

0 

SCZ 

Set  C-flag  and  Z-fiag  to  f 

0 

0 

Flag 

STZ 

Set  Z-f!ag  to  f 

0 

1 

Input 

STC 

Set  C-flag  to  f 

1 

0 

HCZ 

Hold  C-flag  and  Z-flag 

1 

1 

TYPE 

MNEMONIC 

DESCRIPTION 

FC3 

2 

FFO 

Force  FO  to  0 

0 

0 

Flag 

FFC 

Force  FO  to  C-flag 

0 

1 

Output 

FFZ 

Force  FO  to  Z-flag 

1 

0 

FF1 

Force  FO  to  1 

1 

1 

LOAD 

FUNCTION 

NEXT  ROW 

NEXT  COL 

LD 

MAs  7  6  5 

4 

MA3  2  10 

0 

see  Appendix  A 

see  Appendix  A  ^ 

1 

0  X3  X2  xi 

xo 

X7  Xg  Xg  X4  ' 

SYMBOL  MEANING 

f  Contents  of  the  F-latch 

Xp  Data  on  PX-  or  SX-bus  line  n  (active  LOW) 
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APPENDIX  C  JUMP  SET  DIAGRAMS 


The  following  ten  diagrams  illustrate 
the  jump  set  for  each  of  the  eleven 
jump  and  jump/test  functions  of  the 
MCU.  Location  341,  indicated  by  the 
black  square,  represents  one  current 
row  |row2i )  and  current  column  (C0I5) 
address.  The  blue  boxes  indicate  the 
microprogram  locations  that  may  be 
selected  by  the  particular  function  as 
the  next  address. 


rowo  - 


row3i  - 


JCC 

Jump  in  Current  Column. 

ooQaooDODaDaDauD 

□□□□□DOOnDDDDDOO 

□□□□□Bnaanannnno 
□□□□□□□□□□□□□□□a 
□□□□□□□ooonnanoD 
.  □□□□□□□□□oaonana 
□□□□□EQaoaaoDDQD 
□aanDGaanoDDDann 
□□□□□□□□□□□□□□□a 
□onaaaooaaoaaoan 
. □□□□□□□□□□nnnnon 

□DDODaDDDDDDDDaD 

: DnnanannannpoQon 

□DDDaQQDDDnnnnao 
□□□□□□□anDODQDQO 
■ □□aaoDaoDDDDDnaQ 
•  □□□□ncoonoanDnoD 
□□□□□DnaDDoaDann 
aaDapaaDDDDDDDaD 
□nonnaanonnoanao 

□□□□□□□OOnDDDDDD 

□□□□□BaDOaODDODD 

□□□□□oDnonnooQDD 

□□□□□□□□□□□□□□□□ 

□nnaosnonnooDDDD 

□□□nnanaDpaaonan 

□GnonBODanDODonD 

►  GnnGGiannDGaonnnn 


JZR 

Jump  to  Zero  Row 


t  t 

coIq  current 
column 


C0I15 


JCR 

Jump  in  Current  Row 

rown - ^aGGGGGGGnGGGGGGG 

"  □□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□□□□□□□ 
□□□□□□□□□□ananoG 

GGoaGGaGaaGaGaGG 
□□GaGaGPGGGaGaGG 
OQaaaaGGaaGGGGGG 
□aaGaGaaGaaaaaaa 
QGGaaaaaQaaGaQGQ 
GODaaaapaaaaaaGG 
GQGGaaGGGGaaGGGa 
□aaQaaaaaGGaGGaa 
□aaoGaaaGaaaaaaa 
GGaGoaGGaGaaGGaa 
aaGQGGGGaGGGaaaa 
current  □□□□□□□□□□□□□□□□ 

- ^■BDDDBBDDDOGaGOa 

row  aaoGaDGGGoaGGOGG 

aaaaaoGDaGGaaaaa 
aaGGaGaaQOGQGQaG 
□QGaaaaQGGaoQGGG 
DaaODOnGaGGGGQGG 
aaGQaQOOGDDOOGGa 
□□OQaaaaaGGGGGaG 
aaaaaGGGOGGGGQGa 
aaaaGGaaoGGGGGGG 
rOW3^ - >000000000000  GOGG 


row 
group 
Ms 


7 

1  0 


t 

coIq 


t 

C0I15 


JCE 

Jump  Column/Enable 


UOUUUULJUUUOUUOUU 
□OGOOOUOUDOODGGO 
OGGGGGGOnOGGGGOO 
OODODDOGOGDOanGG 
onnDGDaaGGauGGGn 
ooaaaaciGDDaoouuo 
DOGGaanGGOODOGGn 
GGaaaGGDGGaGGGGG 
DOGOGOGnOGGOaGGa 
oDGaoGuaaQGnoaaG 
OaDaGGaOGGDGGGaG 
ODGOGOaODGaDOaDG 
OaOGGGGGDnGGGGGG 
DDGCJaaaGDGUGnUGG 
□DOOGGGGnnGGGnDG 
GOGGaaGGat  inr  jdggg 

GGaGGBGGGGGGGGGG 
QDaGGBGGGGUaaGGG 
aGGGGQGaGnaGGGaG 
GnOGUaGaaGGGGGC^G 
UOGGGOGQnQGGGGGG 
GaaGGoaGGaGGGGGa 
ODaQDQGGGDOUDaGG 
_  DGGOGQOaODDOGGGG 
aaGaaGGDDaaGGGGU 
DaGGOaODGODDDOGG 
DDGGOaaQOOGGGDaa 
DODGGGODGaaODGDD 
DaaaGODanoGGGDaa 
aaGGDGQanaGGQaoa 
DGQaGGGGQGnGDGaa 
DGGDnaQaODOrjGGGG 


current  column 


row 

group 

Ms 


JFL 

Jump/Test  F< Latch 

current 

column 

group 

I  M3  =  0  I 

GUGGOGGOGOaGaaGO 
□oaQaaGDaaDGGDGG 
OGGaaaaDaaoaaaao 
aDGDDaaGGaooaooG 
DoaaaaGaQGGaooGG 
aDaaDDaDQOGOoaoG 
DGaGODGOGDOGaGaa 
oaaaQGaaaooaaGGo 
□DGODDODGOGGODGO 
aDDDDGaoaoaGGGao 
aDaaaaaDGaaaGGaa 
0000000000000000 
aDooaoQaaaaoaaao 
DDQaaaaaaaDaoaQo 
0000000000000000 
_  0000000000000000 
aaEBooDaaoGDoaaa 

ODDnOODDOODDODOO 

DoaaaoaaooooGDDa 

0000000000000000 

aODOaODDDDDODODD 

DODOOeaDDDDDODDO 

aoOOOQaODDOODOQD 

DOOnGODnODaDODOD 

oaooooaooQDaDoao 

0000000000000000 

DDDOODDaODOODDOD 

DDODOODODODDDDDD 

ODDOOOaDDOQaODDQ 

0000000000000000 

0000000000000000 

□ooaooooooDooaoD 


current 
row 
group 
Mg  7 
1  0 


n 

CO 


aDoaoaoaoDoooGDo 

aoDooQDooooaoooo 

ODDaODGOaDODODaO 

oaDaaoDaooDODDOo 

0000000000000000 

OODOODODOOOaDDOa 
0000000000000000 
0000000000000000 
ODODODODDDOOODOO 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
■  0000000000000000 
ODOGDODaODODDODO 
0000000000000000 
0000000000000000 
0000000000000000 
aoDoaeoDDDaDaoDo 
DODODODDDaODODDO 
aaDOOGDaODODODGO 
oaoaaaDDDDOoaoan 
0000000000000000 
oaoDonoaoaoaaoGo 
oaDaaDooaooaoaoa 
OOGOOGDOaODaDODO 
0000000000000000 
0000000000000000 
0000000000000000 


XF,JZF 
Jump/Test  C-Flag 
Jump/Test  Z>Flag 

current 
column 
group 
M3*0  I 

□□□GOOOOOODOUaGG 
0000000000000000 
□ODODaODaODDODDO 
0000000000000000 
OODODDOODDODODOG 
0000000000000000 
0000000000000000 
DDDDODDODOOOaaDa 
0000000000000000 
0000000000000000 
aaoaDDODDaoQODaa 
■  0000000000000000 

aaDaaaDDaooDODao 
0000000000000000 
_ 0000000000000000 
aoOOQaGGDODOOODO 
□□□□oooaaGoaoaoa 
0000000000000000 
aDOGoaaaDODDoooa 
oooooaoaooQODaoa 
DOOODeDOQoaoaaoa 
0000000000000000 
_  DDQaoaoQOooDoaoo 
0000000000000000 
aaQaaaoGoaoDOQaa 
DODOaOQDOGOOODOQ 
aDOOGODDODOaDODD 
0000000000000000 
DDDDOOaOOOOOOODD 
0000000000000000 
0000000000000000 


JPR 

Jump/Test  PR-Latch 


rowQ- 


>  0000000000000000 
DDDODODOODOGODaO 
0000000000000000 
□000000000000000 
□□□OOOOOOOOGOOOO 

□□□□□□□□□□□□□□□o 
□□□□□□□□□□□□oooo 
□OODOOOOQOGGOOQO 

□ooooooooooooooo 
□□□□□□□□□□□□oooo 
□OOOOOGOOOOOGOOO 
□□□□OOOOGOOOOOOO 
□□□□□□□□□□□□oouo 

□□□OOOOOGGGGOOGO 

□OOOOODOOOOOOOGO 

_ □onnonnoGooGODna 

noDnonnnnoonoDoa 
BaooooDODaaoooon 
onoDaooooooDooon 
DnooonnoDoooonDa 
□□□□□□□□□□□□□□Da 
Mg  7  □□□□□■□□□□□□□□□a 

Eooooanoooocooaa 

OODnOOOOOGOOOOOG 
DOOOOOOOOOOGOOGO 

oaooQGoooooocaoo 

□GOnOOOOOOOOOGOO 

ooonooooooGonOGO 
oooononooooGoooo 

□□□□□□□□GOODOOOO 

row3t  — >  cnoaoonooooonoDo 


current 

row 

group 

I  7 

1  0 


current 

row 

group 


Ms 


7 

1  0 


t 

coIq 


t 

col  15 


JLL 

Jump/Test  Left  Latch 


□OOOOOOOOGOOOOUG 

□□□□□□□□□□□□OOOO 

□□□OOOOOOODOGGQG 

□OODOOOOOOOOOOOO 

□OQOOOOaODOGOOOO 

□□□OOOaOOOGOOGOO 

□ooooooooooooooo 

□□□□□QOOOOOOGGQO 

□GOOOOaaGGOGOOOO 

□□□□□□□□□□□□oooo 

□□□□□OOOQGOOOOOO 

OOOOQDOOQGGGGOOG 

□□□OOOGOOOOOOOOO 

□□□OOOOOQOOOOOOO 

ooooooGOQoanoooo 
„  OGOGGaGOnOOOGOOO 
ooooaaonoonooGoo 
□□□□□□□□□□□□oooo 
□□□□□□aooaoonaoo 
□OOGOOnnOOGOGOOG 
□□□□□□□□□□□OOOGG 

□ooGOBonooaoGooo 

OOOGDaGnGOOOOOGG 

_ □□□□□□□□□□□ooooo 

□□□□□□□□□□□□OOGG 

□□□□□□OGOaOGGOOO 

□□□□OOGOOGOOOOOO 

□OOOOOOOOOOOOOOO 

□□□□□nOGGGUUUOOO 

□□□□□□□□□uOOOuGO 

□OGDUGOGOGOnOGOG 

□GDOGOOOOGnfjOOOO 


C0I4 


t 

col  7 


|col3(f=1) 

C0I2  If  =  0) 


JRL 

Jump/Test  Right  Latch 


OOOGOGOGOGOOOGOO 
□□□□□□□□□□QOOOOO 
□GOOOOGOOOOOOOOO 
□□□□□□□□□OOOODOO 
□□□□□□□□□OOOOGOO 
□□□□OOGOOGOQOOOa 
□OGOOOOOOOGOOOOO 

□ooooooooooooooo 

□DOOOODOOOOOOOOO 
□GOOOOOOOOOOOGOO 
□□□□□□□□□□□□oooo 
□□□□□□□□□□□□□ooo 
□ooooooooooooooo 
□□□□□□□□□□□□□□no 

□□□□□□□□□□□□□GOG 

□ODOOOOOOOGaOOOO 

□□□□□□□ooaooooao 

_  □□OOODODOOGOGGOO 

I  OGODOOOOOOOOOOOO 

_  □□□□□□□□□□□□□□□o 

□□□□□□□DOGGoonno 
qrouD  □□□□□■□□□□□□nnoG 

□□□nOQOGOOGGOOOa 
Mo  7  e  □□□□□□□OOOGOOOOQ 

1011  □□□□GOOGOGOGOGOO 
OODODGDOOnGOGOOO 
□□□□□□□□□□□□□□□□ 
□□□□□□□□[.jGGGGUGG 
□□□□□OGGLjGGDQGGP 
□OGOGGOGUGOGOGOG 
□CJDaGOGGOGOOGGOG 


JPX 

Jump/Test  PX-Bus 


next 

row 


t 

I C0I1S 

C0I12 


□□□oGGooGooaoo[,jn 

oooGooooaooonooo 

□OOOOOOGOOOaOGGO 

□□□GGOGGODOGOnOO 

□□□□OGOOGOOGOOGO 

□□□□oooooooonoGO 

□□□ooooooGoaoooo 

oooooooononoGoon 

□OOOOOOOOOOGGGnO 

□□□□OOOOOOOGGnOD 

□□□OOGOOnOODOODG 

OOOOOGOOGOOOOOOn 

OOOOOOOOnOGOGODO 

OOOOOOODGOOOOOGa 

OOOOOOOOOGOOGOOO 

OOODOOOQGOODOOOO 

OOOOOOOOOOOOGGGO 

UODOOOOOOOGOOnOOO 

□□□□□□□ooooooooa 

onoooooooooooono 

row  □□□□□□□□□□□□□aaa 

arouD  □□□□OBOOOooaoooo 

yfuuH  nnOGOODOCOGGOGOa 

Mg  7  6  I _ cnooooaoaaaGaooa 

?  rt  ?  DOGGOOnOOGODOnGn 

'Oil  GOGoooooooononoG 

QCOaOOOOOOOOOOGG 
□oanooonononnnno 
onoonGGononooGGO 

□□□□□rjoooonnonoo 

oooGooooooaoonno 

■  GnOGOOGOGOGGOOnG 


12 


APPENDIX  D  TYPICAL  CONFIGURATIONS 


Non-Pipelined  Configuration  with 
512  Microinstruction  Addressability 


Pipelined  Configuration  with 
2048  Microinstruction  Addressability 
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ORDERING  INFORMATION: 


Part  Number 
C3001 


Description 
Microprogram 
Control  Unit 


Intel  Corporation 

3065  Bowers  Avenue 
Santa  Clara,  California  95051 
Tel:  (408)246-7501 
TWX:  910-338-0026 
Telex:  34-6372 


WESTERN 

1651  East  4th  Street 

Suite  228 

Santa  Ana,  California  92701 
Tel:  (714)835-9642 
TWX:  910-595-1114 

MID-AMERICA 
6350  L.B.J.  Freeway 
Suite  178 

Dallas,  Texas  75240 
Tel:  (214)661-8829 
TWX:  910-860-5487 

GREAT  LAKES  REGION 
8312  North  Main  Street 
Dayton,  Ohio  45415 
Tel:  (513)890-5350 
TELEX:  288-004 

EASTERN 
2  Militia  Drive 
Suite  4 

Lexington,  Massachusetts  02173 
Tel:  (617)  861-1136 
TWX:  710-321-0187 


MID-ATLANTIC 

520  Pennsylvania  Avenue 

Suite  102 

Fort  Washington,  Pennsylvania  19034 
Tel:  (215)542-9444 
TWX:  510-661-3055 

EUROPE 
Belgium 
Intel  Office 
216  Avenue  Louise 
Brussels  B 1050 
Tel:  649-20-03 
TELEX:  24814 

ORIENT 

Japan 

Intel  Japan  Corporation 
Kasahara  Bldg. 

1-6-10,  Uchikanda 
Chiyoda-ku 
Tokyo  101 
Tel:  (03)  295-5441 
TELEX:  781-28426 


Printed  in  U.S.A.  MCS-268-0275/27.5K 


lad 


SCHOTTKY 
BIPOLAR  LSI 
MICROCOMPUTER 
SET 


PROCESSIM 


The  INTEl?Bipo!ar  Microcomputer  Set 
is  a  family  of  Schottky  bipolar  LSI  cir¬ 
cuits  which  simplify  the  construction  of 
microprogrammed  central  processors 
and  device  controllers.  These  processors 
and  controllers  are  truly  micropro¬ 
grammed  in  the  sense  that  their  control 
logic  is  organized  around  a  separate 
read-only  memory  called  the  micro¬ 
program  memory.  Control  signals  for 
the  various  processing  elements  are 
generated  by  the  microinstructions 
contained  in  the  microprogram  memory. 
In  the  implementation  of  a  typical 
central  processor,  as  shown  below,  the 
microprogram  interprets  a  higher  level 
of  instructions  called  macroinstructions, 
similar  to  those  found  in  a  small  com¬ 
puter.  For  device  controllers,  the 
microprograms  directly  implement  the 
required  control  functions. 


The  !NTElf3002  Central  Processing 
Element  contains  all  of  the  circuits  that 
represent  a  2-bit  wide  slice  through  the 
data  processing  section  of  a  digital  com¬ 
puter.  To  construct  a  complete  central 
processor  for  a  given  word  width  N,  it 
is  simply  necessary  to  connect  an  array 
of  N/2  CPE's  together.  When  wired 
together  in  such  an  array,  a  set  of  CPE's 
provide  the  following  capabilities: 

2's  complement  arithmetic 

Logical  AND,  OR,  NOT  and 
exclusive-0  R 

Incrementing  and  decrementing 
Shifting  left  or  right 
Bit  testing  and  zero  detection 
Carry  look-ahead  generation 
Multiple  data  and  address  busses 


High  Performance  -  100  ns  Cycle  Time 

TTL  and  DTL  Compatible 

N-Bit  Word  Expandable  Multi-Bus 
Organization 

3  Input  Data  Busses 
2  Three-State  Fully  Buffered  Output 
Data  Busses 

11  General  Purpose  Registers 

Full  Function  Accumulator 

Independent  Memory  Address  Register 

Cascade  Outputs  for  Full  Carry 
Look-Ahead 

Versatile  Functional  Capability 
8  Function  Groups 
Over  40  Useful  Functions 
Zero  Detect  and  Bit  Test 

Single  Clock 


COIMTROU  TO  N\E.?SAOWV  OA.T  avJS 

ME.MORV  I/O  <VOOWtSS  BOS  TO 


Figure  1.  Block  Diagram  of  a  Typical  System 


Other  members  of  the  INTEL  Bipolar  Microcomputer  Set: 

3001  Microprogram  Control  Unit  3214  Priority  Interrupt  Control  Unit  3304A  Schottky  Bipolar  ROM  (512  x  8) 

3003  Look-Ahead  Carry  Generator  3226  Inverting  Bi-Directional  Bus  Driver  3601  Schottky  Bipolar  PROM  (256  x  4) 

3212  Multi-Mode  Latch  Buffer  3301  Schottky  Bipolar  ROM  (256  x  4)  3604  Schottky  Bipolar  PROM  (512  x  8) 
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PACKAGE  CONFIGURATION 


PACKAGE  OUTLINE 


PIN  DESCRIPTION 


PIN 

SYMBOL 

NAME  AND  FUNCTION 

TYPE*’’ 

1,2 

•o-'i 

External  Bus  Inputs 

Active  LOW 

• 

The  external  bus  inputs  provide  a  separate  input  port  for  external  input 
devices. 

-  ■  3,4 

Ko-Ki 

Mask  Bus  Inputs 

Active  LOW 

! 

The  mask  bus  inputs  provide  a  separate  input  port  for  the  microprogram 
memory,  to  allow  mask  or  constant  entry. 

5,6 

X,Y 

Standard  Carry  Look-Ahead  Cascade  Outputs 

The  cascade  outputs  allow  high  speed  arithmetic  operations  to  be 
performed  when  they  are  used  in  conjunction  with  the  INTEL  3003 
Look-Ahead  Carry  Generator. 

7 

CO 

Ripply  Carry  Output 

Active  LOW 

The  ripple  carry  output  is  only  disabled  during  shift  right  operations. 

Three-state 

8 

RO 

Shift  Right  Output 

Active  LOW 

The  shift  right  output  is  only  enabled  during  shift  right  operations. 

Three-state 

9 

LI 

Shift  Right  Input 

Active  LOW 

10 

Cl  , 

Carry  Input 

Active  LOW 

11 

EA 

Memory  Address  Enable  Input 

When  in  the  LOW  state,  the  memory  address  enable  input  enables  the 
memory  address  outputs  (Aq-Ai  ). 

Active  LOW 

12-13 

< 

1 

o 

< 

Memory  Address  Bus  Outputs 

Active  LOW 

The  memory  address  bus  outputs  are  the  buffered  outputs  of  the 
memory  address  register  (MAR). 

Three-state 

GND 

Ground 

C.J®15-17, 

CO 

LJL 

1 

O 

LL 

Micro-Function  Bus  Inputs 

24-27, 

The  micro-function  bus  inputs  control  ALU  function  and  register 
selection. 

18 

CLK 

Clock  Input 

19-20 

Dq-Di 

Memory  Data  Bus  Outputs 

Active  LOW 

The  memory  data  bus  outputs  are  the  buffered  outputs  of  the  full 
function  accumulator  register  (AC). 

Three-state 

21-22 

Mq-M*! 

Memory  Data  Bus  Inputs 

The  memory  data  bus  inputs  provide  a  separate  input  port  for 
memory  data. 

Active  LOW 

23 

ED 

Memory  Data  Enable  Input 

When  in  the  LOW  state,  the  memory  data  enable  input  enables  the 
memory  data  outputs  (Dq-Di  ) 

Active  LOW 

28 

Vcc 

+5  Volt  Supply 

NOTE: 

1,  Active  HIGH,  unless  otherwise  specified. 


LOGICAL  DESCRIPTION 


The  CPE  provides  the  arithmetic,  logic 
and  register  functions  of  a  2-bit  wide 
*  slice  through  a  microprogrammed  central 
^processor.  Data  from  external  sources 
^such  as  main  memory,  is  brought  into 
'  the  CPE  on  one  of  the  three  separate  in¬ 
put-  busses.  Data  being  sent  out  of  the 
CPE  to  external  devices  is  carried  on 
either  of  the  two  output  busses.  Within 
the  CPE,  data  is  stored  In  one  of  eleven 
scratchpad  registers  or  In  the  accumula¬ 
tor.  Data  from  the  input  busses,  the 
registers,  or  the  accumulator  is  available 
to  the  arithmetic/logic  section  (ALS) 
under  the  control  of  two  internal  multi¬ 
plexers.  Additional  inputs  and  outputs 
are  included  for  carry  propagation, 
shifting,  and  micro-function  selection. 
The  complete  logical  organization  of  the 
CPE  is  shown  below. 

MICRO-FUNCTION  BUS  AND 
DECODER 

The  seven  micro-function  bus  input 
lines  of  the  CPE,  designated  Fo-Fe, 
are  decoded  internally  to  select  the 
ALS  function,  generate  the  scratchpad 
address,  and  control  the  A  and  B 
multiplexers. 

M-BUS  AND  l-BUS  INPUTS 


The  M-bus  inputs  are  arranged  to  bring 
data  from  an  external  main  memory 
.into  the  CPE.  Data  on  the  M-bus  is 
^multiplexed  internally  for  input  to 
the  ALS. 


The  l-bus  inputs  are  arranged  to  bring 
data  from  an  external  I/O  system  into 
the  CPE.  Data  on  the  I-bus  is  also  mul¬ 
tiplexed  internally,  although  indepen¬ 
dently  of  the  M-bus,  for  input  to  the 
ALS  Separation  of  the  two  busses  per¬ 
mits  a  relatively  lightly  loaded  memory 
bus  even  though  a  large  number  of  I/O 
devices  are  connected  to  the  l-bus. 
Alternatively,  the  l-bus  may  be  wired 
to  perform  a  multiple  bit  shift  (e.g.,  a 
byte  exchange)  by  connecting  it  to  one 
of  the  output  busses.  In  this  case,  I/O 
device  data  is  gated  externally  onto  the 
M-bus. 

SCRATCHPAD 

The  scratchpad  contains  eleven  registers 
designated  Rq  through  Rg  and  T.  The 
output  of  the  scratchpad  is  multiplexed 
internally  for  Input  to  ALS.  The  ALS 
output  is  returned  for  input  into  the 
scratchpad. 

ACCUMULATOR  AND  D-BUS 

An  independent  register  called  the 
accumulator  (AC)  is  available  for  storing 
the  result  of  an  ALS  operation.  The 
toutput  of  the  accumulator  is  multi¬ 
plexed  internally  for  input  back  to  the 


ALS  and  is  also  available  via  a  three- 
state  output  buffer  on  the  D-bus 
outputs.  Conventional  usage  of  the 
D-bus  is  for  data  being  sent  to  the 
external  main  memory  or  to  external 
I/O  devices. 

A  AND  B  MULTIPLEXERS 

The  A  and  B  multiplexers  select  the  two 
inputs  to  the  ALS  specified  on  the 
micro-function  bus.  Inputs  to  the  A- 
multiplexer  include  the  M-bus,  the 
scratchpad,  and  the  accumulator.  The 
B-multiplexer  selects  either  the  l-bus, 
the  accumulator,  or  the  K-bus.  The 
selected  B-multiplexer  input  is  always 
logically  ANDed  with  the  data  on  the 
K-bus  (see  below)  to  provide  a  flexible 
masking  and  bit  testing  capability. 

ALS  AND  K-BUS 

The  ALS  is  capable  of  a  variety  of 
arithmetic  and  logic  operations,  in¬ 
cluding  2's  complement  addition,  in¬ 
crementing,  and  decrementing,  plus 
logical  AND,  inclusive-OR,  exclusive- 
NOR,  and  logical  complement.  The 
result  of  an  ALS  operation  may  be 
stored  in  the  accumulator  or  one  of  the 
scratchpad  registers.  Separate  left  input 
and  right  output  lines,  designated  LI 
and  RO,  are  available  for  use  in  right 
shift  operations.  Carry  input  and  carry 
output  lines,  designated  Cl  and  CO  are 
provided  for  normal  ripple  carry  propaga¬ 


tion.  CO  and  RO  data  are  brought  out  via 
two  alternately  enabled  tri-state  buffers. 
In  addition,  standard  look  ahead  carry 
outputs,  designated  X  and  Y,  are  available 
for  full  carry  look  ahead  across  any  word 
length. 

The  ability  of  the  K-bus  to  mask  inputs 
to  the  ALS  greatly  increases  the  versa¬ 
tility  of  the  CPE.  During  non-arithmetic 
operations  in  which  carry  propagation 
has  no  meaning,  the  carry  circuits  are 
used  to  perform  a  word-wise  inclusive- 
OR  of  the  bits,  masked  by  the  K-bus, 
from  the  register  or  bus  selected  by  the 
function  decoder.  Thus,  the  CPE  pro¬ 
vides  a  flexible  bit  testing  capability. 

The  K-bus  is  also  used  during  arithmetic 
operations  to  mask  portions  of  the  field 
being  operated  upon.  An  additional 
function  of  the  K-bus  is  that  of  supply¬ 
ing  constants  to  the  CPE  from  the 
microprogram. 

MEMORY  ADDRESS  REGISTER 
AND  A-BUS 

A  separate  ALS  output  is  also  avail¬ 
able  to  the  memory  address  register 
(MAR)  and  to  the  A-bus  via  a  three- 
state  output  buffer.  Conventional  usage 
of  the  MAR  and  A-bus  is  for  sending  ad¬ 
dresses  to  an  external  main  memory. 

The  MAR  and  A-bus  may  also  be  used 
to  select  an  external  device  when 
executing  I/O  operations. 


MAIN  MEMORY 
ADDRESS 
Ai  Ao 


DATA  OUT 
Di  Do 


.  ENABLE 
DATA 


-  Cl  CARRY  IN 


-  RO  RIGHT  OUT 


M,  Mo 
MEMORY 
DATA  IN 


EXT 

DEVICE  IN 


K,  Ko 
MASK 
IN 


Figure  2.3002  Block  Diagram 
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FUNCTIONAL  DESCRIPTION 


During  each  micro-cycle,  a  micro¬ 
function  is  applied  to  F-bus  inputs  of 
the  CPE.  The  micro-function  is  decoded, 
the  operands  are  selected  by  the  multi¬ 
plexers,  and  the  specified  operation  is 
performed  by  ALS.  If  a  negative  going 
clock  edge  is  applied,  the  result  of  the 
ALS  operation  is  either  deposited  in 
the  accumulator  or  written  into  the 
selected  scratchpad  register.  In  addition, 
certain  operations  permit  related  ad¬ 
dress  data  to  be  deposited  in  the  MAR. 

A  new  micro-function  should  only  be 
applied  following  the  rising  edge  of  the 
clock. 


By  externally  gating  the  clock  Input  to 
CPE,  referred  to  as  conditional  clocking, 
the  clock  pulse  may  be  selectively 
omitted  during  a  micro-cycle.  Since  the 
carry,  shift,  and  look-ahead  circuits  are 
not  clocked,  their  outputs  may  be  used 
to  perform  a  variety  of  non-destructive 
tests  on  data  in  the  accumulator  or  in 
the  scratchpad.  No  register  contents  are 
modified  by  the  operation  due  to  the 
absence  of  the  clock  pulse. 


The  micro-function  to  be  performed  is 
determined  from  the  function  group 
(F-Group)  and  register  group  (R-Group) 
selected  by  the  data  on  the  F-bus.  The 
F-Group  is  specified  by  the  upper  three 
bits  of  data,  F4-Fe.  The  R-Group  is 
specified  by  the  lower  four  bits  of  data, 
F0-F3.  R-Group  I  contains  Rq  through 
R9,T,  and  AC  and  is  denoted  by  the 
symbol  Rp.  R-Group  II  and  R-Group  III 
contain  only  T  and  AC.  F-Group  and 
R-Group  formats  are  summarized  in 
Appendix  A. 


The  following  Is  a  detailed  explanation 
of  each  of  the  CPE  micro-functions. 

A  general  functional  description  of  each 
operation  is  given  followed  by  two 
additional  descriptions  which  explain 
the  result  of  the  micro-function  with 
both  K-bus  inputs  at  logical  0  or  both  at 
logical  1.  In  most  cases,  the  effect  of 
placing  the  K-bus  in  the  all-one  or  the 
all-zero  state  Is  to  either  select  or  de¬ 
select  the  accumulator  in  the  operation, 
respectively.  A  micro-function 
mnemonic  is  included  with  each  descrip¬ 
tion  for  reference  purposes  and  to  assist 
in  the  design  of  micro-assembly 
languages.  The  micro-functions  are  sum¬ 
marized  in  Appendix  B.  The  effective 
I  micro-functions  for  the  all-zero  and  the 
all-one  K-bus  states  are  summarized  in 
Appendix  C  and  D,  respectively. 


F-GROUP  0  R-GROUP  I 

Logically  AND  the  contents  of  AC  with 
the  data  on  the  K-bus.  Add  the  result  to 
the  contents  of  Rp  and  the  value  of  the 
carry  Input  (Cl).  Deposit  the  sum  in  AC 
and  Rp. 

ILR  K-BUS  =  00 

Conditionally  increment  Rp  and  load 
the  result  in  AC.  Used  to  load  AC  from 
Rp  or  to  increment  Rp  and  load  a  copy 
of  the  result  in  AC. 

ALR  K-BUS=11 

Add  AC  and  Cl  to  Rp  and  load  the  re¬ 
sult  in  AC.  Used  to  add  AC  to  a  register. 
If  Rp  is  AC,  then  AC  is  shifted  left  one 
bit  position. 


F-GROUP  0  R-GROUP  II 

Logically  AND  the  contents  of  AC  with 
the  data  on  the  K-bus.  Add  the  result  to 
Cl  and  the  data  on  the  M-bus.  Deposit 
the  sum  in  AC  or  T,  as  specified. 

ACM  K-BUS  =  00 

Add  Cl  to  the  data  on  the  M-bus,  Load 
the  result  in  AC  or  T,  as  specified.  Used 
to  load  memory  data  in  the  specified 
register,  or  to  load  incremented  mem¬ 
ory  data  in  the  specified  register. 

AMA  K-BUS  =  1 1 

Add  the  data  on  the  M-bus  to  AC  and 
Cl,  and  load  the  result  in  AC  or  T,  as 
specified.  Used  to  add  memory  data 
or  incremented  memory  data  to  AC 
and  store  the  sum  in  the  specified 
register. 


F-GROUP  0  R-GROUP  III 

(General  description  omitted,  see  Ap¬ 
pendix  B.) 

SRA  K-BUS  =  00 

Shift  the  contents  of  AC  or  T,  as  speci¬ 
fied,  right  one  bit  position.  Place  the 
previous  low  order  bit  value  on  RO  and 
fill  the  high  order  bit  from  the  data  on 
LI.  Used  to  shift  or  rotate  AC  or  T 
right  one  bit. 

(K-bus  =  1 1  description  omitted,  see 
Appendix  B.) 


F-GROUP  1  R-GROUP  I 

Logically  OR  the  contents  of  Rp  with 
the  data  on  the  K-bus.  Deposit  the  re¬ 
sult  in  MAR.  Add  the  data  on  the  K-bus 
to  contents  of  Rp  and  Cl.  Deposit  the 
result  in  Rp. 

LMI  K-BUS  =  00 

Load  MAR  from  Rp.  Conditionally 
increment  Rp.  Used  to  maintain  a 
macro-instruction  program  counter. 
DSM  K-BUS  =  1 1 

Set  MAR  to  all  one's.  Conditionally 
decrement  Rp  by  one.  Used  to  force 
MAR  to  its  highest  address  and  to 
decrement  Rp. 


F-GROUP  1  R-GROUP  II 

Logically  OR  the  data  on  the  M-bus  with 
the  data  on  the  K-bus.  Deposit  the  re¬ 
sult  in  MAR.  Add  the  data  on  the  K-bus 
to  the  data  on  the  M-bus  and  Cl.  De¬ 
posit  the  sum  in  AC  or  T,  as  specified. 
LMM  K-BUS  =  00 

Load  MAR  from  the  M-bus.  Add  Cl  to 
the  data  on  the  M-bus.  Deposit  the  re¬ 
sult  in  AC  or  T.  Used  to  load  the 
address  register  with  memory  data  for 
macro-instructions  using  indirect 
addressing. 

LDM  K-BUS  =11 

Set  MAR  to  all  ones.  Subtract  one 
from  the  data  on  the  M-bus.  Add  Cl 
to  the  difference  and  deposit  the  result 
in  AC  or  T,  as  specified.  Used  to  load 
decremented  memory  data  in  AC  or  T. 


F-GROUP  1  R-GROUP  III 

Logically  OR  the  data  on  the  K-bus  with 
the  complement  of  the  contents  of  AC 
or  T,  as  specified.  Add  the  result  to  the 
logical  AND  of  the  contents  of  specified 
register  with  the  data  on  the  K-bus.  Add 
the  sum  to  Cl .  Deposit  the  result  in  the 
specified  register. 

CIA  K-BUS  =  00 

Add  Cl  to  the  complement  of  the  con¬ 
tents  of  AC  or  T,  as  specified.  Deposit 
the  result  in  the  specified  register.  Used 
to  form  the  I's  or  2's  complement  of 
AC  or  T, 

DCA  K-BUS  =11 

Subtract  one  from  the  contents  of  AC 
or  T,  as  specified.  Add  Cl  to  the  dif¬ 
ference  and  deposit  the  sum  in  the 
specified  register.  Used  to  decrement 
AC  or  T. 
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FUNCTIONAL  DESCRIPTION  (con’t) 


F-GROUP2  R-GROUPI 

Logically  AND  the  data  on  the  K-bus 
vith  the  contents  of  AC.  Subtract  one 
^om  the  result  and  add  the  difference 
"^oCI.  Deposit  the  sum  In  Rp. 

CSR  K-BUS  =  00 


Subtract  one  from  Cl  and  deposit  the 
difference  In  Rp.  Used  to  conditionally 
clear  or  set  Rp  to  all  O's  or  1  's, 
respectively. 

SDR  K-BUS  =  11 

Subtract  one  from  AC  and  add  the 
difference  to  Cl.  Deposit  the  sum  in 
Rp,  Used  to  store  AC  in  Rp  or  to  store 
the  decremented  value  of  AC  in  Rp. 


F-GROUP2  R-GROUP II 

Logically  AND  the  data  on  the  K-bus 
with  the  contents  of  AC.  Subtract  one 
from  the  result  and  add  the  difference 
to  Cl.  Deposit  the  sum  in  AC  or  T, 
as  specified. 

CSA  K-BUS  =  00 


Subtract  one  from  Cl  and  deposit  the 
difference  in  AC  or  T,  as  specified.  Used 
to  conditionally  clear  or  set  AC  or  T. 
SDA  K-BUS  =  1 1 


Subtract  one  from  AC  and  add  the 

Difference  to  Cl.  Deposit  the  sum  in 
£  or  T,  as  specified.  Used  to  store 
AC  in  T,  or  decrement  AC,  or  store 
the  decremented  value  of  AC  in  T. 


F-GROUP2  R-GROUP  III 

Logically  AND  the  data  of  the  K-bus 
with  the  data  on  the  I -bus.  Subtract  one 
from  the  result  and  add  the  difference 
to  Cl.  Deposit  the  sum  in  AC  or  T,  as 
specified. 

(K-bus  =  00  description  omitted,  see 
CSA  above.) 

LDI  K-BUS  =  11 

Subtract  one  from  the  data  on  the  l-bus 
and  add  the  difference  to  Cl.  Deposit 
the  sum  in  AC  or  T,  as  specified. 

Used  to  load  input  bus  data  or  decre¬ 
mented  input  bus  data  in  the  specified 
register. 


F-GROUP3  R-GROUPI 

Logically  AND  the  contents  of  AC  with 
the  data  on  the  K-bus.  Add  the  con¬ 
tents  of  Rp  and  Cl  to  the  result.  Deposit 
the  sum  in  Rp. 

INR  K-BUS  =  00 

Add  Cl  to  the  contents  of  Rp  and 
deposit  the  sum  in  Rp.  Used  to  in¬ 
crement  Rp. 

ADR  K-BUS  =11 

Add  the  contents  of  AC  to  Rp.  Add  the 
result  to  Cl  and  deposit  the  sum  in  Rp. 
Used  to  add  the  accumulator  to  a  register 
or  to  add  the  incremented  value  of  the 
accumulator  to  a  register. 

F-GROUP3  R-GROUP  II 

(All  descriptions  omitted,  identical  to 
F-Group  0/R-Group  II  described  above.) 


F-GROUP3  R-GROUP  111 

Logically  AND  the  data  on  the  K-bus 

with  the  data  on  the  l-bus.  Add  Cl 
and  the  contents  of  AC  or  T,  as  speci¬ 
fied,  to  the  result.  Deposit  the  sum  in 
the  specified  register. 

INA  K-BUS  =  00 

Conditionally  increment  the  contents  of 
AC  or  T,  as  specified.  Used  to  incre¬ 
ment  AC  or  T. 

AIA  K-BUS  =  11 

Add  the  data  on  the. l-bus  to  the  con¬ 
tents  of  AC  or  T,  as  specified.  Add  C! 
to  the  result  and  deposit  the  sum  in  the 
specified  register.  Used  to  add  input 
data  or  incremented  input  data  to  the 
specified  register. 


F-GROUP  4  R-GROUPI 

Logically  AND  the  data  on  the  K-bus 
with  the  contents  of  AC.  Logically 
AND  the  result  with  the  contents  of 
Rp.  Deposit  the  final  result  in  Rp. 
Logically  OR  the  value  of  Cl  with  the 
word-wise  OR  of  the  bits  of  the  final 
result.  Place  the  value  of  the  carry  OR 
on  the  carry  output  (CO)  line. 

CLR  K-BUS  =  00 

Clear  Rp  to  all  O's.  Force  CO  to  Cl. 

Used  to  clear  a  register  and  force  CO 
to  Cl. 

AIMR  K-BUS  =11 

Logically  AND  AC  with  Rp.  Deposit  the 
result  In  Rp.  Force  CO  to  one  if  the 
result  is  non-zero.  Used  to  AND  the 
accumulator  with  a  register  and  test  for 
a  zero  result. 


F-GROUP  4  R-GROUP  II 

Logically  AND  the  data  on  the  K-bus 
with  the  contents  of  AC.  Logically 
AND  the  result  with  the  data  on  the 
M-bus.  Deposit  the  final  result  in  AC 
or  T,  as  specified.  Logically  OR  the 
value  of  Cl  with  the  word-wise  OR  of 
the  bits  of  the  final  result.  Place  the 
value  of  the  carry  OR  on  CO. 

CLA  K-BUS  =  00 

Clear  AC  or  T,  as  specified,  to  all  O's. 
Force  CO  to  Cl.  Used  to  clear  the 
specified  register  and  force  CO  to  Cl. 
ANM  K-BUS  ^11 

Logically  AND  the  data  on  the  M-bus 
with  the  contents  of  AC.  Deposit  the 
result  in  AC  or  T,  as  specified.  Force 
CO  to  one  if  the  result  is  non-zero.  Used 
to  AND  M-bus  data  to  the  accumulator 
and  test  for  a  zero  result. 


F-GROUP  4  R-GROUP  III 

Logically  AND  the  data  on  l-bus  with 
the  data  on  the  K-bus.  Logically  AND 
the  result  with  the  contents  of  AC  or  T, 
as  specified.  Deposit  the  final  result  in 
the  specified  register.  Logically  OR  Cl 
with  the  word-wise  OR  of  the  bits  of 
the  final  result.  Place  the  value  of  the 
carry  OR  on  CO. 

(K-bus  =  00  description  omitted,  see 
CLA  above.) 

ANI  K-BUS  =  11 

Logically  AND  the  data  on  the  l-bus 
with  the  contents  of  AC  or  T,  as  speci¬ 
fied.  Deposit  the  result  in  the  specified 
register.  Force  CO  to  one  if  the  result 
is  non-zero.  Used  to  AND  the  l-bus  to 
the  accumulator  and  test  for  a  zero 
result. 


F-GROUP  5  R-GROUPI 

Logically  AND  the  data  on  the  K-bus 
with  the  contents  of  Rp.  Deposit  the 
result  in  Rp.  Logically  OR  Cl  with  the 
word-wise  OR  of  the  result.  Place  the 
value  of  the  carry  OR  on  CO. 

(K-bus  =  00  description  omitted,  see 
CLR  above.) 

TZR  K-BUS  =11 

Force  CO  to  one  if  Rp  is  non-zero.  Used 
to  test  a  register  for  zero.  Also  used  to 
AND  K-bus  data  with  a  register  (see 
general  description)  for  masking  and, 
optionally,  testing  for  a  zero  result. 

.  _  ...  i 

- —  :  ■  ,j 
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FUNCTIONAL  DESCRIPTION  (con’t) 


F-GROUP5  R-GROUP II 

Logically  AND  the  data  on  the  K-bus 
with  the  data  on  the  M-bus.  Deposit  the 
^result  In  AC  or  T,  as  specified.  Logically 
For  Cl  with  the  word-wise  OR  of  the 
result.  Place  the  value  of  the  carry  OR 
on  CO. 

(K-bus  =  00  description  omitted,  see 
CLA  above.) 

LTM  K-BUS  =  11 


Load  AC  or  T,  as  specified,  with  data 
from  the  M-bus.  Force  CO  to  one  if  the 
result  is  non-zero.  Used  to  load  the 
specified  register  from  memory  and  test 
for  a  zero  result.  Also  used  to  AND 
K-bus  data  with  M-bus  data  (see  general 
description)  for  masking  and,  optionally, 
testing  for  a  zero  result. 


F-GROUP5  R-GROUP  III 

Logically  AND  the  data  on  K-bus  with 
contents  of  AC  or  T,  as  specified.  De¬ 
posit  the  result  in  the  specified  register. 
Logically  OR  Cl  with  the  word-wise  OR 
of  the  result.  Place  the  value  of  the 
carry  OR  on  CO. 

(K-bus  =  00  description  omitted,  see 
CLA  above.) 

TZA  K-BUS  =  1 1 


Force  CO  to  one  if  AC  or  T,  as  specified, 
Is  non-zero.  Used  to  test  the  specified 
'register  for  zero.  Also  used  to  AND 
K-bus  data  to  the  specified  register  (see 
general  description)  for  masking  and, 
optionally,  testing  for  a  zero  result. 


F-GROUP6  R-GROUP  I 

Logically  OR  Cl  with  the  word-wise 
OR  of  the  logical  AND  of  AC  and  the 
data  on  the  K-bus.  Place  the  result  of 
the  carry  OR  on  CO.  Logically  OR  the 
contents  of  Rp  with  the  logical  AND 
of  AC  and  the  data  on  the  K-bus. 
Deposit  the  result  in  R^. 

NOP  K-BUS  =  00 

Force  CO  to  Cl.  Used  as  a  null  opera¬ 
tion  or  to  force  CO  to  Cl . 

ORR  K-BUS  =  11 

Force  CO  to  one  if  AC  is  non-zero. 
Logically  OR  the  contents  of  the  ac¬ 
cumulator  to  the  contents  of  Rp.  De¬ 
posit  the  result  in  Rp.  Used  to  OR  the 
accumulator  to  a  register  and, 
optionally,  test  the  previous  accumula¬ 
tor  value  for  zero. 


F-GROUP6  R-GROUP  II 

Logically  OR  Cl  with  the  word-wise 
OR  of  the  logical  AND  of  AC  and  the 
data  on  the  K-bus.  Place  the  value  of 
the  carry  OR  on  CO.  Logically  OR  the 
data  on  the  M-bus,  with  the  logical 
AND  of  AC  and  the  data  on  the  K-bus. 
Deposit  the  final  result  in  AC  or  T, 
as  specified. 

LMF  K-BUS  =  00 

Load  AC  or  T,  as  specified,  from  the 
M-bus.  Force  CO  to  Cl.  Used  to  load 
the  specified  register  with  memory  data 
and  force  CO  to  Cl. 

ORM  K-BUS  =11 

Force  CO  to  one  if  AC  is  non-zero. 
Logically  OB  the  data  on  the  M-bus  with 
the  contents  of  AC.  Deposit  the  result 
in  AC  or  T,  as  specified.  Used  to  OR 
memory  data  with  the  accumulator  and, 
optionally,  test  the  previous  value  of 
the  accumulator  for  zero. 


F-GROUP6  R-GROUP  III 

Logically  OR  Cl  with  the  word-wise  OR 
of  the  logical  AND  of  the  data  on  the 
l-bus  and  the  data  on  the  K-bus.  Place 
the  value  of  the  carry  OR  on  CO.  Logi¬ 
cally  AND  the  data  on  the  K-bus  with 
the  data  on  the  1-bus.  Logically  OR  the 
result  with  the  contents  of  AC  or  T, 
as  specified.  Deposit  the  final  result 
in  the  specified  register. 

(K-bus  =  00  description  omitted,  see 
NOP  above.) 

ORI  K-BUS  =  11 

Force  CO  to  one  if  the  data  on  the 
l-bus  is  non-zero.  Logically  OR  the 
data  on  the  l-bus  to  the  contents  of 
AC  or  T,  as  specified.  Deposit  the 
result  In  the  specified  register.  Used  to 
OR  l-bus  data  with  the  specified 
register  and,  optionally,  test  the  l-bus 
data  for  zero. 


F-GROUP7  R-GROUP  I 

Logically  OR  Cl  with  the  word-wise  OR 
of  the  logical  AND  of  the  contents  of 
Rp  and  AC  and  the  data  on  the  K-bus. 
Place  the  value  of  the  carry  OR  on  CO. 
Logically  AND  the  data  on  the  K-bus 
with  the  contents  of  AC,  Exclusive- 
NOR  the  result  with  the  contents  of 
Rp.  Deposit  the  final  result  in  Rp. 

CMR  K-BUS  =  00 

Complement  the  contents  of  Rp.  Force 
CO  to  Cl. 


XNR  K-BUS  =11 

Force  CO  to  one  if  the  logical  AND  of 
AC  and  Rp  is  non-zero.  Exclusive-NOR 
the  contents  of  AC  with  the  contents  of 
Rp.  Deposit  the  result  in  Rp.  Used  to 
exclusive-NOR  the  accumulator  with 
a  register. 


F-GROUP7  R-GROUP  II 

Logically  OR  Cl  with  the  word-wise 
OR  of  the  logical  AND  of  the  contents 
of  AC  and  the  data  on  the  K-bus  and 
M-bus.  Place  the  value  of  the  carry  OR 
on  CO.  Logically  AND  the  data  on  the 
K-bus  with  the  contents  of  AC.  Exclu¬ 
sive-NOR  the  result  with  the  data  on 
the  M-bus.  Deposit  the  final  result  in 
AC  or  T,  as  specified. 

LCM  K-BUS  =  00 

Load  the  complement  of  the  data  on 
the  M-bus  into  AC  or  T,  as  specified. 
Force  CO  to  Cl. 

XNM  K-bus  =  1 1 

Force  CO  to  one  if  the  logical  AND  of 
AC  and  the  M-bus  data  is  non-zero. 
Exclusive-NOR  the  contents  of  AC  with 
the  data  on  the  M-bus.  Deposit  the 
result  in  AC  or  T,  as  specified.  Used  to 
exclusive— NOR  memory  data  with 
the  accumulator. 


F-GROUP  7  R-GROUP  111 

Logically  OR  Cl  with  the  word-wise 
OR  of  the  logical  AND  of  the  contents 
of  the  specified  register  and  the  data  on 
the  l-bus  and  K-bus.  Place  the  value  of 
the  carry  OR  on  CO.  Logically  AND 
the  data  on  the  K-bus  with  the  data 
on  the  l-bus.  Exclusive-NOR  the 
result  with  the  contents  of  AC  or  T,  as 
specified.  Deposit  the  final  result  in 
the  specified  register. 

CMA  K-BUS  =  00 

Complement  AC  or  T,  as  specified.  Force 
CO  to  Cl. 

XNI  K-BUS  =11 

Force  CO  to  one  if  the  logical  AND  of 
the  contents  of  AC  or  T,  as  specified,  and 
the  l-bus  data  is  non-zero.  Exclusive- 
NOR  the  contents  of  the  specified  regis¬ 
ter  with  the  data  on  the  l-bus.  Deposit 
the  result  in  AC  or  T,  as  specified.  Used 
to  exclusive-NOR  input  data  with  the 
accumulator. 
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D.C.  AND  OPERATING  CHARACTERISTICS _ _ _ 

ABSOLUTE  MAXIMUM  RATINGS* 

^Temperature  Under  Bias .  0  C  to  70  C 

^Storage  Temperature . . C  to +160  C 

All.  Output  and  Supply  Voltages .  -0.5V  to  +7V 

All  Input  Voltages . .  •  •  •  “l-OV  to +5.5V 

Output  Currents .  100  mA 

^COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Ratings"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only 
and  functional  operation  of  the  device  at  these  or  any  other  conditions  above  those  indicated  in  the  operational  sections  of  this  specification  is  not 
implied.  Exposure  to  absolute  maximum  ratings  for  extended  periods  may  effect  device  reliability. 


Ta  =  0  C  to  +70  C 


SYMBOL  PARAMETER 

Vc  Input  Clamp  Voltage  (All 

Input  Pins) 

Ip  Input  Load  Current: 

Fo-F6,CLK,  Ko,  Ki,EA,  ED 
IQ'  h  /  *Vlo,  Ml ,  LI 
Cl 

Ir  Input  Leakage  Current: 

Fo-Fe,  CLK,  Ko,  Ki,EA,ED 

I  loJi,Mo,Mi,Li 

Cl 


LIMITS 


NIT  CONDITIONS 

V  Vcc  =  4.75V,  Ic  =-5mA 


mA  Vcc  =  5.25V,  Vp  =  0.45V 

mA 

mA 

/uA  Vcc  =  5.25V,  Vr  =  5.25V 


V|L 

Input  Low  Voltage 

0.8 

V 

Vcc  “  5.0V 

V|H 

Input  High  Voltage 

2.0 

V 

Vcc  =  5.25V<2> 

•cc 

Power  Supply  Current 

145 

190 

mA 

VoL 

Output  Low  Voltage  (All 

Output  Pins) 

0.3 

0.45 

V 

Vcc  =  4.75V,  loL  =  10  mA 

VOH 

Output  High  Voltage  (All 

Output  Pins) 

2.4 

3.0 

V 

Vcc  “  4.75V,  Iqh  “  ~1 

■os 

Short  Circuit  Output  Current 
(All  Output  Pins) 

-15 

-25 

-60 

mA 

Vcc  =  5.0V 

■o(off) 

Off  State  Output  Current 

-100 

AzA 

Vcc  =  5.25V,  Vo  =  0.45V 

Aq,  A^,  Do,  Dt,  CO  and  RO 

100 

ma 

Vcc  =  5.25V,  Vo  =  5.25V 

NOTES: 

(1)  Typical  values  are  for  Ta  =  25° C  and  nominal  supply  voltage 

(2)  CLK  input  grounded,  other  inputs  open. 
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A.C.  CHARACTERISTICS  AND  WAVEFORMS 


Ta  =  0°c  to  70°C,  Vcc  =  5V  ±5% 

SYMBOL 

PARAMETER 

MUM 

TYpli* 

MAX 

UNIT 

tCY 

Clock  Cycle  Time 

100 

70 

ns 

twp 

Clock  Pulse  Width 

33 

20 

ns 

tps 

Function  Input  Set-Up  Time  (Fq  through  Fg) 

60 

40 

ns 

Data  Set-Up  Time: 

tos 

lo,  h,  Mo,  Ml,  Ko,  Ki 

50 

30 

ns 

tss 

LI,  Cl 

27 

13 

ns 

Data  and  Function  Hold  Time: 

tpH 

Fq  through  Fg 

5 

-2 

ns 

lo,  li,  Mo,  Mi,  Ko,  Ki 

5 

-4 

ns 

tSH 

LI,  Cl 

15 

2 

ns 

Propagation  Delay  to  X,  Y,  RO  from: 

tXF 

Any  Function  Input 

37 

52 

ns 

tXD 

Any  Data  Input 

29 

42 

ns 

tXT 

Trailing  Edge  of  CLK 

40 

60 

ns 

tXL 

Leading  Edge  of  CLK 

17 

ns 

Propagation  Delay  to  CO  from: 

tCL 

Leading  Edge  of  CLK 

20 

ns 

tCT 

Trailing  Edge  of  CLK 

48 

70 

ns 

tcF 

Any  Function  Input 

43 

65 

ns 

tCD 

Any  Data  Input 

30 

55 

ns 

tec 

Cl  (Ripple  Carry) 

14 

25 

ns 

Propagation  Delay  to  Aq,  A^,  Dq,  Di  from: 

tOL 

Leading  Edge  of  CLK 

32 

50 

ns 

toE 

Enable  Input  ED,  EA 

12 

25 

ns 

NOTE: 

(1)  Typical  values  are  forT/i^  =  25°C  and  nominal  supply  voltage. 


TEST  CONDITIOIMS: 

Input  pulse  amplitude:  2.5  V 

Input  rise  and  fall  times  of  5  ns  between  1  and  2  volts. 
Output  loading  is  10  mA  and  30  pF. 

Speed  measurements  are  made  at  1.5  volt  levels. 


TEST  LOAD  CIRCUIT: 

Vcc 
[ 

>soon 


OUTO- 


30pF=^  <1  Krz 


CAPACITANCE*^*  Ta  =  25°C 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

C|N 

Input  Capacitance 

5 

10 

pF 

Cqut 

Output  Capacitance 

6 

12 

NOTE; 

(2)  This  parameter  is  periodically  sampled  and  is  not  100%  tested.  Condition  of  measurement  is  f  =  1  MHz,  V0|as  =  2.5V,  V^c  ^  5.0V  and 
Ta  =  25°C, 
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3002  WAVEFORMS 


) 


CLOCK  INPUT 
CLK 


FUNCTION  INPUTS 
Fo-Fe 


DATA  INPUTS 
lo.  K,.Mo,Mi 


CARRY  AND  SHIFT 
INPUTS  LI,  Cl 


CARRY  AND  SHIFT 
OUTPUTS  X,  Y,  RO 


CO 


“A 


ENABLE  INPUTS 
EA,  ED 


TYPICAL  AC  AND  DC  CHARACTERISTICS 


Power  Supply  Current  vs  Temperature 


0  25  50  75 

TEMPERATURE  (”0 


Output  Current  vs  Output  High  Voltage 


0  12  3  4 

OUTPUT  VOLTAGE 


Carry  in  Set  Up  Time  vs  Vcc  and  Temperature 


Clock  Pulse  Width  vs  Vcc  and  Temperature 


Vcc  (VOLTS) 


Propagation  Delay  Function  Inputs  to 
Cascade  Outputs  vs  Vcc  ^nd  Temperature 


Vcc  (VOLTS) 


Propagation  Delay  Clock  to 

"A"  and  “D"  Data  Outputs  vs  Vcc  and  Temperature 


Vcc  (VOLTS) 


Vcc  (VOLTS) 


Propagation  Delay  Clock  to 

"A"  and  "'D"  Data  Output  vs  Load  Capacitance 
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100  150 

LOAD  CAPACITANCE  (pF) 


APPENDIX  A  MICRO-FUNCTION  SUMMARY 


F-GROUP 

R-GROUP 

MICRO-FUNCTION 

•  0 

Rn  +  (AC  A  K)  +  CI  Rn, 

AC 

11 

M  +  (AC  A  K)  +  Cl  ^  AT 

ATl  A  (II  A  Kl)-^RO  LI  V  [(Ih  a  Kh)  a  ATh]  ^ATh 

[ATlA  (IlA  Kl)]  V  [AThv(Ih  a  Kh)]  ^ATl 

1 

K  V  Rp  "^MAR 

Rn  +  K  +  CI  Rn 

1 

II 

K  V  M->MAR 

M  +  K  +  Cl  AT 

III 

V  K)  +  (AT  A  K)  +  Cl 

^  AT 

1 

(AC  A  K)-1 +CI  ^  Rn  ' 

2 

(AC  A  K)  -1  +  Cl  AT 

>  (see  Note  1 ) 

III 

(1  A  K) -1  +  Cl AT 

1 

Rp  +  (AC  A  K)  +  Cl  Rp 

3 

II 

M  +  (AC  A  K)  +  Cl  ^  AT 

III 

AT+  (1  ak)  +  CI^AT 

1 

Cl  v(Rn  A  AC  A  K)  ^CO 

Rp  A  (AC  A  K)  Rp 

4 

If 

Cl  V  (M  A  AC  A  K)  ->•  CO 

M  A  (AC  A  K)  ^  AT 

111 

Cl  V  (AT  A  1  A  K)  ->CO 

AT  A  (I  A  K)^  AT 

1 

Cl  V  (Rp  A  K)“^CO 

K  ARp  Rp 

#  " 

II 

Cl  V  (M  ak)-^CO 

K  A  M  AT 

III 

Cl  V  (AT  A  K)  ^  CO 

K  A  AT  AT 

1 

Cl  V  (AC  A  K)  ^  CO 

Rp  V  (AC  A  K)-^  Rp 

6 

II 

Cl  V  (AC  A  K)  CO 

M  V  (AC  A  K)  ^  AT 

III 

Cl  V  (1  A  K)-^CO 

AT  V  (1  A  K)->  AT 

1 

Cl  V  (Rp  A  AC  A  K)  CO 

Rp  ©  (AC  A  K)  Rp 

7 

Cl  V  (M  A  AC  AK)-^CO 

M  0  (AC  A  K)  AT 

III 

Cl  V  (AT  A  1  A  K)^CO 

AT©  (1  A  K)^  AT 

NOTES: 

1.  2's  complement  arithmetic  adds  1 1 1  ...  11  to  perform  subtraction  of  000  ...  01. 

2.  Rp  includes  T  and  AC  as  source  and  destination  registers  in  R-group  1  micro-functions. 

3.  Standard  arithmetic  carry  output  values  are  generated  in  F-group  0,  1,  2  and  3  instructions. 

SYMBOL  MEANING 


L  K,  M 
Cl,  LI 
CO,  RO 

Rn 

AC 

AT 

MAR 


A 


V 


e 


Data  on  the  I,  K,  and  M  busses,  respectively 

Data  on  the  carry  input  and  left  input,  respectively 

Data  on  the  carry  output  and  right  output,  respectively 

Contents  of  register  n  including  T  and  AC  (R-Group  I) 

Contents  of  the  accumulator 

Contents  of  AC  or  T,  as  specified 

Contents  of  the  memory  address  register 

As  subscripts,  designate  low  and  high  order  bit,  respectively 

2's  complement  addition 

2's  complement  subtraction 

Logical  AND 

Logical  OR 

Exclusive-NOR 

Deposit  into 
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APPENDIX  B  ALL-ZERO  AND  ALL-ONE  K-BUS  MICRO-FUNCTIONS 


K-BUS  =  00  MICRO-FUNCTION 

MNEMONIC 

K-BUS  =  11  MICRO-FUNCTION 

MNEMONIC 

Rn  +  Cl  Rp,  AC 

ILR 

AC  +  Rp  +  Cl  “►  Rp,  AC 

ALR 

M  +  CI->AT 

ACM 

M  +  AC  +  Cl  -►  AT 

AMA 

ATl  ^  RO  ATh  ATl  LI  ATh 

SRA 

(See  Appendix  B) 

— 

RpT>MAR  Rn+GI~>Rn 

LMl 

11  ^MAR 

Rn-1  +  CI->Rn 

DSM 

M^MAR  M  +  CI^AT 

LMM 

11  “^MAR 

M  -  1  +  Cl  “>  AT 

LDM 

^  +  CI->AT 

CIA 

AT  -  1  +  Cl  ^  AT 

DCA 

CI-1^Rn  ) 

CSR 

AC  -  1  +  Cl  ^  Rn  ) 

SDR 

>  See  Note  1 

}  See  Note  1 

Cl  -  1  AT  ) 

CSA 

AC  -  1  +  Cl  ^  AT  ) 

SDA 

(See  CSA  above) 

- 

1  -  1  +  CI^  AT 

LDI 

Rn  +  Cl  ^  Rn 

INR 

AC  +  Rp  +  Cl  ^  Rp 

ADR 

(See  ACM  above) 

- 

(See  AMA  above) 

- 

AT  +  Cl  AT 

INA 

1  +  AT  +  Cl  AT 

AIA 

CI^CO  O^Rp 

CLR 

Cl  V  (Rn  A  AO^^CO 

Rp  A  AC  Rp 

ANR 

Cl  CO  0  AT 

CLA 

Cl  V  (M  A  AC)  ^  CO 

M  A  AC  AT 

ANM 

(See  CLA  above) 

- 

Cl  V  (AT  A  1)  CO 

AT  A  1  AT 

ANI 

(See  CLR  above) 

- 

Cl  V  Rn  ^CO 

Rn  Rn 

TZR 

(See  CLA  above) 

- 

Cl  V  M-^  CO 

M->  AT 

LTM 

1 

(See  CLA  above) 

- 

Cl  V  AT  CO 

AT^  AT 

TZA 

C!->CO  Rn-^Rn 

NOP 

Cl  V  AC  ^  CO 

Rn  V  AC  ->  Rn 

ORR 

Cl -►CO  M->AT 

LMF 

Cl  V  AC  ^  CO 

M  V  AC  AT 

ORM 

(See  NOP  above) 

- 

Cl  V  I  CO 

1  V  AT  AT 

ORI 

Cl  ^  CO  Rp  Rp 

CMR 

CIV(Rn  AC)-»CO 

Rp  ©  AC  ”►  Rp 

XNR 

CI^CO  M“>AT 

LCM 

Cl  V  (M  AC)  ^  CO 

M  ©  AC  “►  AT 

XNM 

CI->CO  ^->AT 

CMA 

CIV  (AT  D^CO 

1  ®  at  ^  AT 

XNI 

APPENDIX  C  FUNCTION  AND  REGISTER  GROUP 


FUNCTION 

GROUP  Fe  5  4 


0  0  0  0 

10  0  1 
2  0  10 

3  0  11 

4  1  0  0 

5  1  0  1 

6  1  1  0 

7  111 


REGISTER 

GROUP 


REGISTER 


F3 


I 


Ro  0 

Rl  0 

R2  0 

R3  0 

R4  0 

R5  0 

Re  0 

R7  0 

Re  1 

Rg  1 

T  1 

AC  1 


APPENDIX  D  TYPICAL  CONFIGURATIONS 


MEMORY  ADDRESS  BUS 
I2N  LINES) 


DATA  BUS  TO  MEMORY 
(2N  LINES) 


DATA  BUS  FROM 

MEMORY 

(2N  LINES) 


EXTERNAL  DATA  BUS 
(2N  LINES) 


G 


tipple-Carry  Configuration 

W  3002  CPE's) 


CARRY 

FROM 

3001 


CARRY 

TO 

3001 


irry  Look-Ahead  Configuration 
ith  Ripple  Through  the  Left  Slice 
32  Bit  Array) 
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APPENDIX  D  TYPICAL  CONFIGURATION  (cont) 


3001 


Carry  Look-Ahead  Configuration 

With  No  Carry  Ripple  Through  the  Last  Slice 

(32  Bit  Array) 


SIOTE: 

'^(1)  A  bit  from  microprogram  memory  can 


be  used  to  replace  the  gate  shown  above  and  inform  the  3003  of  an  active  Shift  Right  operation. 


ORDERING  INFORMATION 
Part  Number  Description 
C3002  Central 

Processing 

Unit 


Intel  Corporation 
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TWX:  910-595-1114 
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520  Pennsylvania  Avenue 
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Fort  Washington,  Pennsylvania  19034 
Tel:  (215)542-9444 
TWX:  510-661-3055 

EUROPE 
Belgium 
Intel  Office 
216  Avenue  Louise 
Brussels  B 1050 
Tel:  649-20-03 
TELEX:  24814 

ORIENT 

Japan 

Intel  Japan  Corporation 
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Tokyo  101 
Tel:  (03)295-5441 
TELEX:  781-28426 
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^The  INTEL®  Bipolar  Microcomputer 
Set  is  a  family  of  Schottky  bipolar  LSI 
circuits  which  simplify  the  construction 
of  microprogrammed  central  processors 
and  device  controllers.  These  processors 
and  controllers  are  truly  microprogram¬ 
med  in  the  sense  that  their  control  logic 
is  organized  around  a  separate  read-only 
memory  called  the  microprogram  mem¬ 
ory.  Control  signals  for  the  various 
processing  elements  are  generated  by  the 
microinstructions  contained  in  the  micro¬ 
program  memory.  In  the  implementation 
of  a  typical  central  processor,  as  shown 
below,  the  microprogram  interprets 
a  higher  level  of  instructions  called 
macroinstructions,  similar  to  those 
found  in  a  small  computer.  For  device 
controllers,  the  microprograms  directly 
implement  the  required  control 
functions. 


SCHOTTKY 
BIPOLAR  LSI 
MICROCOMPUTER 
SET 


3CD3 


‘43^  I"  i  i 


The  INTEL®  3003  Look-Ahead  Carry 
Generator  (LCG)  is  a  high  speed  circuit 
capable  of  anticipating  a  carry  across  a 
full  16-bit  3002  Central  Processing 
Array.  When  used  with  a  larger  3002 
CP  Array  multiple  3003  carry  generators 
provide  high  speed  carry  look-ahead 
capability  for  any  word  length. 

The  LCG  accepts  eight  pairs  of  active 
high  cascade  inputs  (X,Y)  and  an  active 
low  carry  input  and  generates  active 
low  carries  for  up  to  eight  groups  of 
binary  adders. 


High  Performance  -  10  ns  typical 
propagation  delay 

Compatible  with  INTEL  3001  MCU 
and  3002  CPE 

DTL  and  TTL  compatible 

Full  look-ahead  across  8  adders 

Low  voltage  diode  input  clamp 

Expandable 

28-pin  DIP 


Diagram  of  a  Typical  System 


)ther  members  of  the  INTEL  Bipolar  Microcomputer  Set: 

^3001  Microprogram  Control  Unit  3214  Priority  Interrupt  Control  Unit 


3002  Central  Processing  Element 
3212  Multi-Mode  Latch  Buffer 


3226  Inverting  Bi-Directional  Bus  Driver 
3301 A  Schottky  Bipolar  ROM  (256  x  4) 


3304A  Schottky  Bipolar  ROM  (512  x  8) 
3601  Schottky  Bipolar  PROM  (256  x  4) 
3604  Schottky  Bipolar  PROM  (512  x  8) 


©  Intel  Corporation,  1975 


3003  LOOK-AHEAD  CARRY  GENERATOR 


PACKAGE  CONFIGURATION 


PIN  DESCRIPTION 


PIN 

SYMBOL 

NAME  AND  FUNCTION 

TYPE 

1,7,8,11,18 

21,23,27 

Yo-Yy 

Standard  carry  look-ahead  inputs 

Active  HIGH 

2,5,6,10,19 

20,24,26 

X0-X7 

Standard  carry  look-ahead  inputs 

Active  HIGH 

Cn 

Carry  input 

Active  LOW 

4,9,12,13,15 

16,22,25 

^n+1"*-n+8 

Carry  outputs 

Active  LOW 

3 

ECn+8 

Cp,+3  carry  output  enable 

Active  HIGH 

28 

YCC 

+5  volt  supply 

14 

GND 

Ground 

PACKAGE  OUTLINE 
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3003  LOGIC  DIAGRAM 


3003  LOGIC  EQUATIONS 

The  3003  Look-Ahead  Generator  is  implemented  in  a  compatible  form  for  direct  connection  to  the  3001  MCU  and  3002  CPE. 
Logic  equations  for  the  3003  are: 


Cn+1=YoXo  +  YoC„ 

c;;T2  =  y,x,  +  YiYoXo  +  y^YoC„ 


Cn  +  3  =  Y2X2  +  Y2Y1X1  +  Y2Y1  YqXq  +  Y2Y1  YqC^ 


4  -  Y3X3  +  Y3Y2X2  +  Y3Y2Y.|X^  +  Y3Y2Y.I  YqXq  +  '{^O^n 

C^Ts  =  Y4X4  -1-  Y4Y3X3  +  Y4Y3Y2X2  +  Y4Y3Y2  Y^  Xi  +  Y4Y3Y2Y,  YqXq  +  Y4Y3Y2Y1  YqC^ 

Y5X5  -H  Y5Y4X4 -r  Y5Y4Y3X3  +  Y5Y4Y3Y2X2  +  Y5Y4Y3Y2Y.,X^  -h  Y5Y4Y3Y2Y,YoXq  + Y5Y4Y3Y2Y^YqC^ 
C^-l-7  =  YgXg  +  YgYgXg  +  YgY5Y4X4  YgY5Y4Y3X3  +  YgY5Y4Y3Y2X2  +  YgY5Y4Y3Y3Y^  YqXq  +YgY5Y4Y3Y2Y  ^  YqC 
+  8  =  High  Impedance  State  when  EC^.^  +  8  Low 

+  8  =  YjXy  +  YyYgXg  -f-  YyYgYgXg  +  Y7YgY5Y4X4  +  Y7YgY5Y4Y3X3  -i-  Y7YgY5Y4Y3Y2X2  +  Y7YgY5Y4Y3Y2Y^X^ 
+  Y7YgY5Y4Y3Y2Yi  YgXg  +  Y7YgY5Y4Y3Y2Yi  YgC^  when  EC„  +  8  high 


D.C.  AND  OPERATING  CHARACTERISTICS 


ABSOLUTE  MAXIMUM  RATINGS* 

Temperature  Under  Bias . . 0°C  to  70°C 

i 

Storage  Temperature . -65°C  to +160°C 

All  Output  and  Supply  Voltages .  -0.5V  to  +7V 

All  Input  Voltages . -1.0Vto+5.5V 

Output  Current . 100  m A 

'COMMENT:  Stresses  above  those  listed  under  "Absolute  Maximum  Rating"  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only 
and  functional  operation  of  the  device  at  these  or  at  any  other  condition  above  those  indicated  in  the  operational  sections  of  this  specification  is 
not  implied. 


=  OX  to  +70X 


SYMBOL 

PARAMETER 

MIN. 

TYP.*"'*  MAX. 

UNIT 

CONDITIONS 

1 

Input  Clamp  Voltage  (All 

Input  Pins) 

-0.8 

-1.0 

V 

Vcc  =  4.75V,  Ic  =  -5  mA 

'f 

Input  Load  Current: 

Cp  and  ECp  +  8 

-0.07 

-0.25 

mA 

Vqc  =  5.25V,  Vp  =  0.45V 

AM  Other  Inputs 

-0.9 

-1.5 

mA 

•r 

Input  Leakage  Current: 

Cp  and  ECp  +  8 

40 

juA 

Vqq  =  5.25V,  Vr  =  5.25V 

All  Other  Inputs 

100 

aa 

V,L 

Input  Low  Voltage 

0.8 

V 

Vcc  =  5.0V 

V|H 

Input  High  Voltage 

2.0 

V 

Vcc  =  5.0V 

'cc 

Power  Supply  Current 

80 

130 

mA 

Vcc  =  5.25V,  All  Y  +  ECn  +  8  hig^ 
All  X  +  Cn  low 

VqL 

Output  Low  Voltage  (All 

Output  Pins) 

0.35 

0.45 

V 

Vc  =  4.75V,  l0L  =  4  mA 

Vqh 

Output  High  Voltage  (All 

Output  Pins) 

2.4 

3 

V 

^CC  ~  4.75V,  Iqi^  =  -1  mA 

'os 

Short  Circuit  Output  Current 
(All  Output  Pins) 

-15 

-40 

-65 

mA 

Vcc  =  5V 

'O(off) 

Off-State  Output  Current 

-100 

ma 

Vcc  =  5.25V,  Vo  =  0.45V 

(Cp  +  8) 

+  100 

iuA 

Vcc  =  5.25V,  Vo  =  5.25V 

NOTE: 

(1)  Typical  values  are  for  T/^  =  25®C  and  nominal  supply  voltage. 
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A.C.  CHARACTERISTICS 


Ta  =  0°c  to  70° C,  Vcc  =  +5V  ±  5% 


1  SYMBOL 

PARAMETER 

MIN. 

TYP.U) 

MAX. 

UNIT 

^XC 

X,  Y  to  Outputs 

3 

10 

20 

ns 

tec 

Carry  Ih  to  Outputs 

13 

30 

ns 

tEN 

Enable  Time,  0,^  +  8 

20 

40 

ns 

NOTE: 

( 1)  Typical  values  are  for  T/^  =  25°C  and  nominal  supply  voltage. 


TEST  CONDITIONS: 


Input  pulse  amplitude  of  2.5V. 

Input  rise  and  fall  times  of  5  ns  between  1  and  2  volts. 
Output  loading  is  5  mA  and  30  pF, 

Speed  measurements  are  made  at  1.5  volt  levels. 


TEST  LOAD  CIRCUIT:  vcc 


G 


kCAPACITANCE*^’  Ta  =  25°C 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

C|N 

Input  Capacitance 

All  inputs 

12 

20 

pF 

CoUT 

Output  Capacitance 

00 

+ 

c 

CJ 

7 

12 

pF 

NOTE: 

(2)  This  parameter  is  periodically  sampled  and  is  not  100%  tested.  Condition  of  measurement  is  f  =  1  MHz,  VgiAS  “  5.0V, 
Vcc  ==  5.0V  and  Ta  =  25°C. 


3003  WAVEFORMS 


X.Y  INPUTS  ^ 

( _ _ 

- - txc - ^ 

Cn+1-Cn+8  OUTPUTS  ) 

( 

1"^ - tcc  — -  ^ 

Cn  INPUT  ) 

( 

Cil 


Cn+8  OUTPUT 


NOTE:  ALTERNATE  TEST  LOAD: 


Vcc 


Cn+8  OUT 
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3003  TYPICAL  CONFIGURATIONS 


The  3003  LCG  can  be  directly  tied  to  the  3001  MCU  and  a  3002  CP  array  of  any  word  length.  The  following  figures  represent 
typical  configurations  of  16-  and  32'bit  CP  arrays.  Figures  1  and  2  illustrate  use  of  the  3003  in  a  system  where  the  carry  output 
(CO)  to  the  3001  MCU  is  rippled  through  the  high  order  CPE  slice.  Figure  3  illustrates  use  of  the  3003  in  a  system  where  tri-state 
Loutput  Cn+3  is  connected  directly  to  the  flag  input  on  the  3001  MCU.  0^+3  is  disabled  during  shift  right  by  decoding  that  instruction 
^externally,  thus  multiplexing  Cp+3  with  the  shift  right  (RO)  output  of  the  low  order  CPE  slice. 


3001 


^Figure  1. 


Carry  Look-Ahead  Configuration  with  Ripple  through  the  Left  Slice  (16-Bit  Array) 


+5V 


Figure  2.  Carry  Look-Ahead  Configuration  with  Ripple  through  the  Left  Slice  (32-Bit  Array) 


OUTPUT  CURRENT  lmA>  ICC 


3003  TYPICAL  A.C.  AND  D.C.  CHARACTERISTICS 


Ice  Temperature 


Output  Current  vs  Output  Low  Voltage 


I 

I 

I 

I 


25  50 

TEMPERATURE  rO 


OUTPUT  {VOLTS) 


Output  Current  vs  Output  High  Voltage 


X,Y  To  Outputs  vs  Vec  &  Temperature 


Vcc  =  5V 

J/OX 

70 'C 

_ A 

2  3 

OUTPUT  (VOLTS) 


5.00  5.25 

Vec  (VOLTS) 


X,Y  To  Output  Delay  vs  Load  Capacitance 


II 11 

5.0V 

25°C 

50  100  150  200  250  300 


LOAD  CAPACITANCE  (pF) 


‘  3003  TYPICAL  CONFIGURATIONS 


Figure  3.  Carry  Look-Ahead  Configuration  with  IMo  Carry  Ripple  through  the  Left  Slice  {32-Bit  Array) 
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